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ABSTRACT
The physiological effects and processes of biofeedback 
procedures are important issues in relaxation training. The 
purpose of this study was to assess the extent of 
cross-system generalization and the processes by which it 
may occur. Specifically, do different biofeedback tasks 
produce different patterns of response across systems and, 
are the physiological processes different for each 
biofeedback task, or are they similar processes in all 
tasks?
Forty-eight volunteers participated in three one-hour 
sessions and randomly assigned to one of four groups as 
follows; 1) increase hand-temperature, 2) decrease
frontalis-EMG, 3) decrease hand-temperature, and 4) 
control. Subjects received training as indicated in 
sessions 1 and 2. In session 3 all participants were trained 
to increase hand-temperature. An adaptation period, a 
10-minute baseline, and three 10-minute training trials 
comprised each session. Hand-temperature, frontalis-EMG, 
skin conductance, and heart rate were measured throughout. 
Feedback was provided by a variable-pitched tone.
Cross-system patterning involved comparing mean values 
of each system across trials in sessions 1 and 2. MANOVA 
results indicated the patterns produced by the four tasks 
were significantly different, and described as follows; 1) 
hand-temperature-increase training produced the most 
generalized relaxation effect, 2) EMG-reduction produced the 
lowest EMG levels, but did not generalize to other
x
physiological systems, and 3) hand-temperature-decrease 
training generalized to other systems in the direction of 
sympathetic arousal.
Tansfer of training was assessed by comparing group 
performance in session 3. Group means for each trial were 
compared covarying the baseline means. There was a 
significant group x trial interaction. In general, the 
effects of prior training diminished as new learning took 
place. Group 1 was most successful. Group 4 was initially 
lowest, but improved with subsequent training. Group 3 was 
more successful in learning the new task than group 2. These 
findings suggest that specific experience in altering a 
system's functioning, even if it is in the opposite 
direction of arousal, is more helpful than training in 
another system that is in the same direction of sympathetic 
arousal.
These results suggest that EMG and hand-temperature 
biofeedback training are distinct treatments resulting in 
different physiological patterns across systems. EMG 
training appears specific in its effect, while 
hand-temperature training seems to have generalized effects.
xi
INTRODUCTION
Research in bio-feedback has prol i-f erated in the past 
decade and represents a major advance in the study o-f the 
influence o-f learning and external experience on the 
regulation o-f physiological processes- Early attempts to 
intrumental1y condition autonomic responses in humans in the 
U.S. occurred in the late 1950’s (Fowler and Kimmel, 1962) 
and in the U.S.S.R. in the early 1960’s (described by Razran,
1961). Animal research supported conditioning o-f visceral 
responses without intervention from somatic mediating 
responses (DiCara and Miller, 1963; Kimmel, 1967). However, 
the focus of work quickly shifted back to humans in 
laboratory (Budzynski and Stoyva, 1969) and clinical settings 
(Green, Walter, Green and Murphy, 1969). Clinical 
application of these conditioning procedures to a number of 
physiological disorders involving various physiological 
systems was very rapid and has demonstrated considerable 
benefit to sufferers of migraine headaches (Adams, Feuerstein 
and Fowler, 1980), muscle contraction hedaches (Budzynski and 
Stoyva, 1973), hypertension (Shapiro, Mainardi and Surwit,
1977) and a number of other psychophysiological disorders 
(Beattv and Haynes, 1979; Blanchard and Epstein, 1973; 01 ton 
and Noonberg, 1930; Silver and Blanchard, 1973).
Of the many physiological systems that have been 
examined, two have received considerable, attention in basic 
research and application to clinical syndromes. The two 
systems are the muscular system, particularly as measured by 
-frontalis EMG, and the peripheral vasomotor response, as 
measured by peripheral skin temperature. The research in 
these two modalities is vast and has been reviewed in 
considerable detail in the recent literature (Blanchard and 
Epstein, 1978; King and Montgomery, 1980; Lynch and Schuri, 
1978; Surwit and Keefe, 1978; Qualls and Sheehan, 1981). The 
-following review will primarily involve reports o-f 
experimental examination o-f these responses.
In this paper, an attempt will be made to address the 
issue o-f generalization o-f bio-feedback training in frontalis 
EMG biofeedback and peripheral skin temperature.
Generalization of biofeedback in the present discussion will 
refer to the effects of single-site biofeedback training in 
one physiological system on untrained parts of the same 
system (e.g., the effects of frontalis EMG biofeedback on an 
untrained muscle group). Generalization will also refer to 
effects on physiological systems other than the one subjected 
to specific training (e.g., the effects of frontalis EMG 
biofeedback on hand temperature or heart rate).
Examination of physiological patterning and 
generalization in biofeedback has been an active area of 
biofeedback and psychophysiological research in recent years. 
As the information to follow will illustrate, there is 
controversy in the literature as to whether or to what extent 
response generalization occurs in biofeedback. The empirical 
studies and theoretical formulations put forward in the area 
of generalized patterning have attempted to extend our 
understanding of the physiological mechanisms involved in the 
process of biofeedback.
It is necessary to provide a background against which to 
view current questions of response generalization in 
biofeedback. This discussion will begin with a description 
of the physiology of the muscular and vasomotor systems, 
followed by a brief historical review of approaches to 
biofeedback research. Finally, discussion of several 
theoretical and practical concerns that have heightened 
current interest in generalization will precede a review of 
the research in generalization and patterning.
PHYSIOLOGY AND MEASUREMENT OF MUSCULAR AMD VASOMOTOR SYSTEMS
A brief description of the physiology of the two systems 
in question and their measurement provides a useful 
introduction to the issues at hand. The skeletal muscle
4system has as its basic functional peripheral element the 
motor unit. A motor unit consists of a single motoneuron and 
its associated muscle fibers which are activated as a unit 
when the motoneuron fires. Skeletal muscles of the limbs 
generally are comprised of several hundred of these motor 
units. Innervation for the impulses that converge on the 
motoneuron arise from cells in a number of areas: spindle
receptors of the same muscle, spinal interneurons, brain stem 
nuclei and the cerebral cortex (Fetz, 1977).
The basis for the electromyogram (EMG) is the detection 
of muscle action potentials produced when the muscle 
contracts following stimulation. When placed along a muscle 
fiber, electrodes can detect changes in electrical 
potentials. The electrical signal can then be amplified and 
displayed.. Two basic methods of monitoring this electrical 
activity are used in clinical and research assessment. One 
involves placing surface electrodes on the skin, detecting 
electrical activity that is a summation of a number of motor 
units. This method is useful in measuring activity in whole 
muscles or groups of muscles. The other method employs 
needle electrodes placed directly into the muscle and is 
particularly useful in measuring specific activity of a 
single motor unit.
The circulatory system consists of the heart and various 
connecting vessels (arteries, arterioles, capillaries.
5venules, and veins) for the transport of blood to and from 
the tissues. The functions of the system are numerous and 
include the delivery of nutrient and o::ygen needs, removal of 
waste products and the regulation of both localized and 
overall body temperature. The performance of these functions 
relies upon control systems that regulate the two important 
variables: vascular pressure and bioodflow. Of the many 
neural feedback processes affecting peripheral circularion, 
the most significant are those that control the level of 
tonic activity in the resistance vessels, small arteries and 
arterioles, of skin and muscles. This c o n t r d  system is 
integrated primarily at the level of the medula oblongata 
(Lynch and Schuri, 197S). The vasodi1 ation-vasoconstriction
response is controlled by the sympathetic branch of the 
autonomic nervous system.
Other factors such as somatic and environmental 
influences may also have effects on peripheral circulation. 
Hand temperature appears to be sensitive to respiration 
effects, some of which are quite transitory, others of which 
are of longer duration (e.g., hyperventilation, changes in 
respiration rate, or a single deep inspiration, all causing 
peripheral vasoconstriction) (Lynch and Schuri, 1978). 
Perspiration may have a cooling effect on the skin, but it is 
of relatively small influence within the range of normal room 
temperature. Room temperature and motion of air in the 
surrounding environment may be the most significant influence
6on skin temperature in a healthy resting adult. In addition, 
postural and movement -factors affect skin temperature by 
changing air -flow and somatic influences (Lynch and Schuri,
1978).
Two non— invasive methods have been employed in research 
to measure the degree o-f peripheral vasomotor tone. Direct 
measurement has been made via photop1ethysmography, using a 
photoel ectr i c cell in measuring the amount o-f light 
transmitted or reflected by the tissue. An indirect means of 
monitoring peripheral vasoconstriction is skin temperature. 
Skin surface temperature is readily measured by attaching a 
thermistor to the skin (usually the finger) coupled with 
appropriate recording devices. Due primarily to the 
noninvasive nature of the instrumentation, the reliability 
and ease of measurement, hand skin temperature is the measure 
of vasomotor tone used in the majority of biofeedback studies 
(Taub, 1977).
Review of Research Approches to Biofeedback
A great deal of research has concentrated on the clinical 
applications of biofeedback, in many respects proceeding in 
advance of an understanding of many of the basic parameters 
affecting the learning process. However, mare recent studies 
have focused on the basic variables that affect learning and 
perfomance in biofeedback. It is sensible to expect that a
better understanding o-f the -factors affecting learning will 
improve the e-f-ficacy o-f clinical treatment as well as 
improving our understanding o-f the physiological processes 
involved in bio-feedback.
A considerable amount has been learned about some o-f the 
basic parameters affecting training and performance in 
bio-feedback. These parameters include: Types and
sensitivity o-f -feedback (O’Connell, Frerker, and Buss, 1979; 
Alexander, French and Goodman, 1975); reward contingencies 
(Brolund and Schallow, 1976); levels of motivation (Stroebel 
and Glueck, 1973); delay of reinforcement (Kinsman, O ’Banion 
Robinson and Staudemeyer, 1975; Williamson and Blanchard,
1979); the number (Keefe and Garner, 1979) and distribution 
of trials (Kondo, Kanter and Bean, 1977), instructional set 
(Brener, 1977); individual differences in experimenter (Taub 
1977); as well as organismic subject variables such as sex 
(Levenson and Ditto, 1981; Surwit, Shapiro and Feld, 1976), 
age (Miller, 1978) and cognitive style/personality variables 
(Levenson and Ditto, 1981; Miller, 1978).
Most of the basic research cited above, and indeed much 
of the entire body of clinical and basic biofeedback 
research, deals with the impact of biofeedback learning on a 
single physiological system. The results of this line of 
research have clarified many aspects of response acquisition 
and performance in biofeedback, to the point that there is
8general agreement that biofeedback is a powerful means of 
effecting physiological change in the system under training 
and at the site from which the feedback signal is monitored. 
However, the qualifiers limiting this statement of consensus 
point to an area of biofeedback research in which there is 
much less agreement (Qualls and Sheehan, 1981). That area is 
generalisation of biofeedback learning.
Issues Stimulating Interest in Generalization:
Questions of the extent and patterning of generalisation 
in biofeedback are important from both theoretical and 
practical standpoints. The theoretical issues have to do 
with gaining a better understanding of the process by which 
biofeedback has an impact on a physiological system.
a. Theoretical Issues in Generalisation
A few of the many theoretical models proposed to explain 
the process of biofeedback line up clearly on one side or the 
other of the generalisation controversy. One model that 
predicts generalization, offered by Stoyva (1977), expands on 
work done initially by Gellhorn (1967) and developed by 
Gellhorn and Kiely (1972). The model draws heavily on the 
work of Hess (1925), who observed that the influence of the 
autonomic nervous system (ANS) is not limited to visceral 
targets, but can alter somatic functions as well, including
the skeletal muscles and the cerebral cortex. Further, Hess 
distinguished between ergotropic and trophotropic syndromes.
According to the Bellhorn-Kiely model, the balance 
between the ergotropic and trophotropic systems is mediated 
in zones in the basal midbrain. Depending on the site and 
parameters, stimulation of the hypothalamus and brainstem 
leads either to the ergotropic or trophotropic syndrome. Th 
ergotropic sundrome involves an increase in sympathetic 
discharge (including increased cardiac rate, blood pressure, 
and sweat secretion), an increase in skeletal muscle tension 
and cortical excitation (EEB desynchronization). The 
trophotropic syndrome consists of augmented parasympathetic 
discharges (reduction in cardiac rate, blood pressure, and 
sweat secretion), relaxation of skeletal muscles and reduced 
cortical excitation (as reflected in EEG synchronization).
Gel1horn and Kiely propose that there are two ways of 
altering the balance between ergotropic and trophotropic 
systems. One way is by direct stimulation of the central 
mediating zones, the ergotropic or trophotropic "centers" in 
the hypothalamus and other structures. A second means of 
alteration is by indirectly changing the activity of the two 
systems through input from: 1) the cerebral cortex or 2) by
changing afferent input from the periphery tG the reticular 
formation and hypothalamus. In support of indirect effects, 
a number of animal studies exist in which administration of
curare—like drugs and the loss of muscle tone and consequent 
reduction in proprioception apparently caused changes in the 
activity of central nervous system (CNS) functions.
Examples include Gel1horn's (1958) findings of reductions in 
ergotropic responsiveness of the hypothalamus and diminished 
hypothalamic—cortical discharges, as well as Hodes' (1962) 
finding of EEG synchronization and behavioral sleep. The 
mechanism proposed to explain these findings was a feedback 
system from muscle receptors to sites in the CNS.
Gellhorm and Kiely (1972) propose that relaxation in the 
muscular system (achieved through progressive relaxtion or 
other procedures) is one particularly effective way of 
changing the proprioceptive input, thereby rebiasing the 
central mechanism toward generalized low arousal or in the 
trophotropic direction.
The Gel1horn-Kiely model has been incorporated by Stoyva 
and Budzynski (1974) in their concept of "cultivated low 
arousal 11, as an explanatory mechanism for general i zat i on of 
biofeedback. The model is further supported by the work of 
Blanchard and Epstein (1978) in their proposal of a 
generalized relaxation response as the "final common pathway" 
through which biofeedback is effective in treating 
psychophysiological disorders.
Two other major models of biofeedback predict response
11
specifity rather than generaliration, the operant 
conditioning (Black, Cott and Pavlovski, 1977; Miller, 1974) 
and motor skills (Johnson, 1977; Lang, 1975) models of 
biofeedback- According to empirically derived operant 
learning principles of response generalisation and 
discrimination, a response that is very specifically trained 
will tend to generalize initially, with an increasing 
tendency toward specificity as learning trials continue.
Thus, although some covariation among responses may initially 
occur, the degree of covariation should decrease as training 
progresses.
Within the motor skills approach to examining 
biofeedback, prediction of acquisition and performance 
patterns in biofeedback is made through analogy with patterns 
of training in complex motor skills. The basic premise is 
that the acquisition of voluntary control over viscera is a 
skill and "it requires an organized sequence of activities, 
movements, and symbolic information such as those required to 
play darts or hit a tennis ball” (Lang, 1975). Several 
variations in approach to the model of motor skills have been 
proposed, each addressing particular aspects of biofeedback 
learning with different research strategies (e.g., Brener, 
1974; Engel, 1972; Schwartz, 1974). On the issue of 
generalization versus specificity with extended training, the 
motor skills literature suggests that control of the skill 
will change and become more specific with training (Jones,
1962). To the extent that the biofeedback task required fits 
the definition of a complex motor skill (Johnston, 1977) the 
analogical model predicts specificity rather than 
generalization.
Alexander <1975) has approached his research into EMG 
biofeedback from the motor skills position and suggests that 
the expectation of generalization even within a physiological 
system may be physiologically naive, given the "remarkable 
degree of differentiation and capacity for independent 
action" inherent in the striate muscle/motor system (p. 216). 
Physiologically, control of a specifically trained response 
would occur according to ordinary neural channels (e.g., for 
striate muscles, along the normal corticofugal pyramidal and 
extrapyramidal channels (Denny—Brown, 1960).
PRACTICAL AND CLINICAL CONCERNS ABOUT GENERALIZATION:
Besides theoretical issues, the recent interest in 
generalization questions has been stimulated by important 
practical and clinical concerns. Single—site biofeedback, 
particularly frontalis EMG biofeedback, has been promoted in 
some of the clinical literature (e.g., Budzynski and Stoyva, 
1974) as a means of producing overall relaxation. As a 
consequence, EMG frontalis relaxation remains in use as a 
means of relaxation training in many clinical settings. 
However, as a review of the recent analogue and clinical
research has pointed out (Lehrer, 1932) the practice of 
biofeedback training of only the frontalis muscle, or using 
the frontalis as an index of overall muscle relaxation, is 
not widely supported by current research data.
In addition, the work of Schwartz and his associates 
(e.g., Schwartz, 1973) has stimulated tremendous interest in 
physiological patterning. The empirical and theoretical work 
from this group suggets that the alteration of a response in 
one physiological system is not always or necessarily 
accompanied by patterns in other systems which mirror a 
natural1y—occuring state of relaxation. Their work has 
emphasized the importance of describing the overall 
physiologicl patterns produced in the course of single—system 
biofeedback training, and the extent to which these patterns 
may deviate from those occurring naturally. Any deviations 
that may be found from natural 1y-occurri ng physiological 
patterns would need to be examined carefully. Such patterns 
could offer important information about possible side-effects 
of single—system response training, information that would 
affect our understanding of the safety, efficacy, and 
long—term maintenance of responses trained via biofeedback. 
This reasoning has shifted the view in treating 
psychophysiological disorders to look not just at an 
individual system in which a person may be symptomatic, but 
the extend the view to examining interactive systems.
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A third relatively unexplored practical application -for 
knowledge gained about generalization is in the possibilty of 
shaping a response in one system by training in another 
system. Wide variation among individual subjects in the rate 
o-f learning and magnitude o-f response through bi ofeedback 
continues to be reported even in wel1—control1ed research 
(Lynch, Hama, Kohn, and Miller, 1976; Taub and Emurian, 1976; 
Surwit et a l , 1976; Keefe, 1978; King and Montgomery, 1981).
The basic research and clinical reports, as well as manuals 
for clinical application of procedures, abound with 
references to individuals who have extraordinary difficulty 
learning a desired response (e.g., Lynch and Schuri, 1978;
Olton and Noonberg, 1980). Quite a bit of discussion, but 
relatively little research has addressed the issue of 
procedures which could help shape the targeted response.
Such a shaping procedure is particularly desirable in 
responses that are relatively difficult to learn or that 
typically require a large number of training sessions to 
produce any response (e.g., EEG patterns for epilipsy or 
cephallic vasomotor response in migraine patients (Feuerstein 
and Adams, 1977). If training in a task that is easier to 
master could facilitate the learning of the more difficult 
task in a relatively direct way, the clinical benefits could 
be considerable. A directly applicable procedure would 
ideally provide some transfer of response training, whose 
benefits would go beyond simple exposure to the physical 
setting or equipment, or an independent mastery experience to
15
help maintain motivation and morale. Information about 
generali?ation might usefully be applied to shaping difficult 
biofeedback responses.
In summary, a number of important theoretical and 
practical concerns have stimulated interest in generalization 
recently. Fortunately, these issues have also generated a 
considerable amount of research. A brief review of current 
research in generalization of EMG and temperature biofeedback 
training will follow, addressing both intrasystem and 
intersystem generalization.
RESEARCH ON GENERALIZATION AND PATTERNING
Within—system patterns:
In the muscular system, generalization of the relaxation 
response acquired through single—site biofeedback has been 
studied with inconsistent results. Most of these studies 
have examined the question with a view to assessing the 
adequacy of biofeedback training, of the frontalis EMG in 
particular, as a means of inducing overall muscle relaxation. 
Others have asked whether frontalis EMG is a reliable index 
of overall relaxation within the muscular system, or of a 
very specific, relatively independent response.
Considerable recent evidence exists indicating that EMG
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levels in various locations cavsry in arousal levels under 
conditions o-f physical (Graham, Cohen, Phelps, Gerkovich, and 
Cook, 1991) and emotional stress (Coleman, Fowler, and 
Pritchard, 1981).
Stoyva and Budzynski (1974) suggest -from their clinical 
work and research that frontalis EMG biofeedback is a 
powerful means of inducing "cultivated low arousal" and that 
the response generalises to other muscle sites and in other 
physiological systems. There is considerable empirical 
support of generalized relaxation from the work of a number 
of other researchers (e.g., Davis, 1990; Freedman and 
Papsdorf, 1976; Finley, Niman, Standley, and Wansley, 1977).
Covariation of frontalis and forearm flexor muscles 
during frontalis feedback was found in four studies (Finley, 
et al, 1977; Glaus and Kotses, 1979; Schandler and Griggs,
1976; Stoyva and Budzynski, 1974), though the covariation 
decreased with extended training (Glaus and Kotses, 1979). 
Covariation of neck muscles (semispinalis capitis) with 
frontalis during EMG training was found by CFConnel and 
Yeaton (1981). Other research supports a limited 
generalization to muscles near the training site (Sagberg and 
Kviem, 1981). Davis (1980) found no differences in 
relaxation patterns of subjects trained on frontalis only vs. 
feedback from frontalis, forearm and masseter muscles.
Reports of clinical experience and case studies contain
results consistent with considerable generalized relaxation 
(Stoyva, 1978; Basmajian, 1976).
However, a series o-f studies has disputed this assumption 
o-f overall muscle relaxation from frontalis feedback. An 
early study (Balshan, 1962) found consistent levels of
tension in a number of sites, but the only one that did not 
covary with this pattern was the frontalis site. Two studies 
found moderate covari ati on between the frontali s and one 
nearby muscle group (e.g., left masseter - Friedman and 
Glaus, 1980; or neck muscles - Friedland et al , 1980), but
not with numerous other sites monitored. Other studies have 
found no generalized pattern of muscle relaxation with 
frontalis EMG training (Alexander, 1975; Shedivy and 
Kleinman, 1977), though the adequacy of the methodology of 
these studies has been challenged by other researchers 
(O’Connel and Yeaton, 1981).
The task of resolving this cloudy picture is a difficult 
one. As Surwit and Keefe (1973) point out, there is a lack 
of consistent physiological data supporting the use of EMG 
feedback as a means of inducing general muscle relaxation. 
However, an impressive amount of evidence exists that 
relaxation via EMG frontalis biofeedback can produce relief 
from excessive muscle activity and may be effective in the 
treatment of a variety of pphysiological disorders. The 
procedure appears to be at least as effective as other
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relaxation techniques in many cases. Stoyva (1978) makes an 
attempt to clarify the possible conclusions -From the data. 
Either, 1)generali rati on does not occur; 2) generalization of 
relaxation does occur, but it is a limited effect; or 3) 
generalization occurs, but the extent of it depends on 
individual differences and the conditions of experiment. 
Stoyva (1978) favors the last interpretation and further 
points out that the question of generalization involves two 
issues. One is a question of whether generalization to other 
muscles does occur automatical 1 y ; and secondly, even if it 
does not occur automatical1y , can it be made to occur? 
Generally, Stoyva concludes that a certain degree of 
generalization to other muscles does occur and that research 
should focus on identifying methods to facilitate 
generalizati on.
The data on generalization of peripheral temperature 
changes is similarly equivocal, though somewhat less widely 
examined than EMG training. Surwit, Shapiro, and Feld (1976) 
found that hand temperature changes via thermal feedback were 
bilateral, though feedback from only one hand was given. 
However, Taub (1977) reports that while temperature training 
initially produced relatively diffuse temperature changes in 
the periphery, extended training gradually led to the very 
specific narrowing of the change to the locus of feedback 
(Taub and Emurian, 1976). Other evidence of response 
specificity is presented by Schwartz (1973) and Simpson and
19
Nelson (1976).
In a similar vein, it has been suggested that a 
generalized change in vasomotor tone occurring with hand 
warming is the mechanism by which the technique has helped 
relieve migraine headaches (Dalessio, 1972). In an analogue 
study. Larger, Mathew, Dobbins, Meyer, Sakai and Claghorn 
(197S) found no evidence that skin temperature biofeedback 
had a consistent effect on cerebral blood flow. However, a 
later study on a clinical migraine population found that 
cerebral blood flow, particularly in the right hemisphere, 
incresed and decreased inversely with digital skin 
temperature (Mathew, Largen, Dobbins, Meyer, Sakai, and 
Claghorn, 19S0).
Across-system patterns:
(effects of EMG training on other systems)
Some evidence appears in the literature of changes in 
other physiological systems as a result of frontalis EMG 
biofeedback training. Several studies have found patterns of 
response during EMG training that are consistent with low 
sympathetic arousal (i.e., lowered heart rate, respiration 
rate, EEG alpha rhythms) (Blanchard, Haynes, Kallman and 
Harkey, 1976; DeGood and Chisholm, 1977; Delman and Johnson, 
1976; Freedman and Papsdorf, 1976; Gatchel, Korrnan, Weis,
Smith and Clarke, 1978; Stoyva and Budzynski, 1974).
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However, effects in other sympathet i cal 1 y-i nnervated 
responses have sometimes appeared paradoxical. These 
responses include increased skin conductance level (Delman 
and Johnson, 1976; Gatchel et al , 1978) and peripheral 
vasoconstriction (Delman and Johnson, 1976; DeGood and 
Chisholm, 1977). Gatchel et al (1973), found patterns 
consistent with overall low sympathetic arousal during EMG 
bio-feedback training. However, under post-training 
conditions o-f psycho! ogi cal and environmental stress, the 
pattern o-f covariation disappeared and only the trained EMG 
relaxation was maintained.
Other studies have -found no covariation at all o-f other 
response systems during EMG training (Alexander et al, 1977;
Burish, Hendrix, and Frost, 1931; Dale, Alexander and DeGood, 
1930). In a similar manner, little agreement has been found 
in some cases of EMG and self-ratings of subjective 
relaxation (Shedivy and Kleinman, 1977). Again, the use of 
EMG as an index of overall arousal level remains very much 
open to question (Burish and Horn, 1979).
Across-system patterns:
(Effects of temperature training on other systems)
Hand temperature decreases during stress and increases 
during relaxation (Baudewyns, 1976; Fahrion, 1977) presumably 
because of sympathetic activity, which facilitates bloodflaw 
to peripheral sites during relaxation. However, relatively
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little evidence has been -found of generalized lowered arousal 
responses in other systems during temperature feedbck (Taub 
and Emurian, 1976; Surwit, Shapiro, and Feld, 1975; Simpson 
and Nelson, 1976; Naliboff and Johnson, 1978).
While it has been assumed by many that temperature and 
EMG should covary as a function of relaxation (Culver and 
Hauri, 1972; Scott and Timmons, 1974; Stoyva and Budzynski,
1974), only one study has directly looked at the 
generalization of peripheral vasomotor control to frontalis 
EMG. Naliboff and Johnson (1978) found no change in 
subjects' frontalis EMG levels during biofeedback training to 
either increase or decrease pulse amplitude. Most 
interestingly, using Schwartz’s (1974) methodology for 
testing and training physiological patterning, they found 
that when patterned responses were required, subjects could 
not produce the increase pulse amplitude/ lower EMG (general 
low sympathetic arousal) pattern. The authors suggested tha 
their subjects were relying on attentional (cognitive 
mediation) factors to produce an initial pulse amplitude 
response that were incompatible with EMG decreases requiredin 
the patterning test.
Research strategies in the study o-f general izati on
A number o-f research strategies have been employed to 
address the questions o-f the extent and nature of 
generalization effects, particularly of EMG biofeedback 
within the muscle system. Some studies have examined tonic 
changes in EMG, either across or within sessions (Alexander, 
1975; Shedivy and Kleinman, 1977; Friedman and Glaros, 1979). 
Others have examined changes across sessions in phasic 
covariation between trained and untrained muscles has also 
been studied as an indication of generalization (e.g., 
Friedlund, Fowler and Pritchard, 1980).
One parameter of physiological change that could address 
generalization questions but has not yet been extensively 
studied is transfer of response training. Transfer of the 
training in this case would involve the facilitation of 
training a response in one system or at one site by previous 
training in a different system or a different site in the 
same system.
Transfer of training:
Transfer of training is a concept that represents the net 
overall effect of performance or experience with one type 
of task with some subsequent task. Such net influence 
may take several possible forms: 1) performance on one
task may aid or facilitate performance on a second task, 
which describes positive transfer; 2) performance on one 
task may interfere with or inhibit performance on a
second task, which describes negative transfer; and 3) 
there may be no effect of one task on another, in which 
case there is zero transfer. Zero transfer can occur 
either as a result of earlier performance having no 
effect, or as a result of combined effects of positive 
and negative transfer which cancel. (Ellis, 1969, p.
381)
The area of transfer of training has a venerable history 
in the study of learning and research has developed along two 
general lines of pursuit. The first dealt with conceptions 
of transfer with direct relevance to applications in 
education (e.g., Thorndike and Woodworth, 1901; Judd, 1908). 
Later studies, beginning in the 1930's moved the study of 
learning into the laboratory to examine in closer detail the 
variables that contribute to transfer (Battig, 1966).
A number of experimental designs and formulae for 
measuring transfer have been developed, each addressing 
different aspects of the transfer phenomenon. In general, 
treatments may be compared with control groups in terms of 
single performance scores or in curve—fittlng procedures for 
initial status, rate of learning, or final status.
Two broad classes of the fundamental processes in 
transfer have been studied experimentally. One is a set of 
general factors, such as warm—up effects, or others termed 
variously as "learning to learn" (Harlow, 1949) or "learning 
not to generalize" (Riopelle, 1953). Other factors are of a 
much more specific nature and depend on the relationship
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between the tasks to be examined. These factors have been 
examined through a number of variables such as task 
similarity, medi ati anal processes, the nature of 
predifferentiation r>f stimuli, as well as other secondry 
variables influencing transfer. Research has also focused in 
recent years on component analysis of transfer of stimulus 
learning, forward association, backward association, warm-up, 
learning to learn, differentiation of stimuli and responses, 
stimulus selection, mediation and others (Donahoe and 
Wessells, 1980).
In the motor skills literature, transfer of training has 
been studied extensively and has been shown to have a 
powerful influence on many kinds of learning goals (Bilodeau 
and Bilodeau, 1969; Battig, 1960). Transfer in motor skills 
training has been found to be influenced by many of the same 
variables established in the verbal learning literature. For 
example, there is agreement that task similarity is an 
important variable in transfer (Woodworth and Schloserg,
1960) and, more specifical1y , that knowledge of intertask 
similarity will increase the probability of positive 
transfer's occurring (Cratty, 1973). The well established 
findings of transfer phenomena in motor learning suggests 
that biofeedback may be amenable to similar effects, as 
biofeedback is currently viewed by many researchers as a 
complex motor task (Lang, 1977; Brener, 1976).
TRANSFER OF TRAINING IN BIOFEEDBACK:
Direct examination o-f transfer of training effects in 
biofeedback studies has-been quite limited. One study, 
involving training of posterior EEG theta rhythms through 
biofeedback, demonstrated positive transfer to a 
non-biofeedback visual vigilance task (Beatty and Q ’Hanlon, 
1979).
Alexander et al (1976) examined transfer of instrumental 
conditioning from EMG training on one muscle site to training 
on another site (between frontalis and forearm flexor 
muscles). Biofeedback training in neither site appeared to 
facilitate performance in the other muscle group in ways 
superior to instructional relaxation controls. However, the 
results of this study are to be interpreted cautiously 
regarding transfer effects, as the central finding of the 
study was that EMG biofeedback was no different from 
relaxation instruction in reducing muscle tension in the 
initial training task. Having shown essentially equal levels 
of muscle tension reduction in the initial task with 
intermittant auditory feedback (experimental group) and 
instructions to relax the specific muscle without feedback 
(controls), both groups of subjects went on to relax a muscle 
group different from the initial site with auditory 
biofeedback assistance. The feedback training time was brief 
(less than 30 minutes total over three sessions), and an
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unusual design o-f alternating four-minute periods of feedback 
and no—feedback was employed. The data suggest that the 
influence of the previous biofeedback task did not facilitate 
subsequent biofeedback training significant1y more than 
specific relaxation instructions. The design did not 
address, however, the possibility that an effective 
relaxation technique may facilitate subsequent biofeedback 
performance, whether by means of biofeedback or an equally 
effective instructional procedure.
Two studies have examined the effects of biofeedback 
training in one other physiological system on EEG patterns. 
Suter (1977) used skin conductance feedback to facilitate EEG 
alpha rhythms. Sittenfeld, Budzynski and Stoyva (1976) found 
that the most effective method of teaching subjects to 
augment theta rhythms was to shape muscle relaxation through 
EMG biofeedback, first from forearm, then frontalis sites as 
well. Strictly speaking, neither of these studies actually 
tests transfer phenomena, but rather generalization effects, 
by simply continuing feedback of the first modality while 
adding the monitoring of an EEG signal. Thus, they are 
"shaping" by capitalizing on a frequent cross-system 
covariation and actually training in only one system.
In examining biofeedback in terms of autonomic awareness 
and skills training, Schwartz, Young and Vogler (1976) 
compared the ability of subjects to learn cardiac strength
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and endurance patterns versus learninig reaction time control 
o-f heart rate. No transfer was found from one task to 
another, though it has been pointed out that the two 
heart—rate responses are possibly mediated bv different 
branches of the autonomic system, parasympathet i c vs. 
sympathetic (Schwartz, 1978).
There has been a good deal of speculation, but relatively 
few data addressing possible transfer relationships between 
EMG and vasomotor activity. Freedman and lanni (1981) 
compared the effects of training in temperature biofeedback, 
EMG biofeedback and instructions. The post—training task was 
voluntary control of skin temperature (with no feedback) 
under conditions of cold stress and ordinary environmental 
conditions. The subjects receiving initial finger 
temperature biofeedback training were superior to any of the 
other groups in increasing hand temperature in the 
post—training sessions. However, this task tapped indirect 
generalization rather than direct transfer effects.
It has been proposed that learning to control peripheral 
skin temperature is easier when subjects are in a relaxed 
state (Culver and Sauri, 1972; Pearse, Walters and Sargent,
1975) and that temperature training would be most efficient 
if preceded by EMG training. Clinical observations of 
apparent "carry—over effects" from EMS biofeedback training 
from EMG facilitating cephalic vasomotor response training
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have been reported (Feuerstein and Adams, 1977). Further 
clinical experience with migraine headache patients and a 
review of the literature led Diamond, Diamond—Falk and DeVeno 
(1978) to conclude that "EMG often serves as a good 
*ice—breaker' for later temperature feedback. Some propose 
that EMG is easier to 1 earn (than temperature), shows quicker 
results, and possibly most important of all, leaves the 
subject with a sense of self-esteem and self-control." (p.
394) Clearly, clinical observations and suggestive 
information from related empirical work have helped to frame 
the question of cross—system response transfer in 
biofeedback, but have produced no direct data on this 
question.
No study to date has examined the proposition of 
generalization across physiological response systems in 
biofeedback through a transfer of training design. Such a 
study could provide data concerning the possibility of 
facilitating the acquisition of clinical1y— important 
physiological responses by prior training in another 
biofeedback response. A transfer-of-training design could 
also examine the process by which cross-system generalization 
in biofeedback occurs.
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PROPOSAL OF THE CURRENT STUDY:
The purpose of the current study is to examine the 
effects of biofeedback training in one response system on 
training in another system. The initial training was with 
frontalis EMG and two hand temperature training tasks, the 
second response was training to increase hand skin 
temperature. Along with the two systems under training, 
under all conditions measures of heart rate and skin 
conductance were taken as additional measures of arousal.
In examining the transfer phenomena in some detail, four 
groups were used in a two—phase treatment plan. The first 
group was trained to increase hand temperature. This was 
planned to provide an upper level of performance attained 
with extended training. The second treatment group was 
trained initially to decrease frontalis EMG levels and then 
to increase hand temperature via thermal feedback, both of 
which responses represent training in the direction of low 
sympathetic arousal or the trophotropic pattern. A third 
group was trained to decrease hand temperature via 
temperature feedback then to increase hand temperature, 
providing data on training in the same physiological system 
but in the opposite direction in terms of arousal. The 
fourth group acted as a no—training control and addressed the 
effects of exposure to the experimental setting.
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In summary, a transfer of training design was employed to 
compare performance of the following four groups:
Group Initial Training Transfer Task
increase temperature increase temperature
decrease EMG increase temperature
decrease temperature increase temperature
no feedback increase temperature
The data from these groups were examined in an effort to 
answer the following questions:
1) Will groups differ in their ability to increase hand 
temperature with feedback in the transfer task? Essentially 
this is a question of whether there will be transfer of 
training across response systems. Transfer of training will 
be examined in terms of groups means and in terms of a 
specific formula to examine percent—transfer scores to 
address specific hypotheses concerning the phenomenon:
(a) If performance on the transfer task is a function of
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specific peripheral skill within the physiologic system, 
then Sroup 1 will produce the most positive transfer, 
followed by group 3, then by groups 2 and 4.
(b) If transfer is more a function of shaping a 
"cultivated low arousal" pattern, then groups 1 and 2 
will produce the highest increase, followed by group 4, 
with group 3 producing the least change <1=2>4>3).
2) Do the initial biofeedback tasks (increasing hand 
temperature, decreasing EMG, decreasing hand temperature, and 
the no—training control condition) differ in the patterns of 
response they produce across four physiological systems (hand 
temperature, EMG, skin conductance level, and heart rate)?
METHOD
Research participants:
A total o-f 48 student volunteers (23 male, 25 female) 
participated in this study. Participants were screened to 
exclude individuals with a history of psychophysiological 
disorders associated with muscular or vasomotor systems. 
Subjects were solicited from undergraduate psychology courses 
and received experimental credit for their participation. A 
copy of the consent form is included as appendix A.
Participants were randomly assigned to one of four 
experimental groups designed to train the following:
Sessions
initial training transfer task 
groups 1 2  3
1 TempT TempT Temp "I*
2 EMG 4* EMG Temp 'p
3 Temp 4* Temp 4/ Temp T
4 No feedback No feedback Temp
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Apparatus:
Integrated -frontalis EMG, -finger temperature, heart rate 
and skin conductance were continuously recorded throughout 
all experimental sessions. Physiological measures were 
recorded on an 8—channel Cyborg Biolab 21 System, interfaced 
with an Apple lie computer, for online collection of data 
from the four physiological measures. Integrated 
electromyographic activity of the frontalis muscles was 
recorded using three Beckman Ag/AgCl electrodes coupled to a 
Cyborg M130 EMG module. Beckman electrolyte was used as the 
conducting medium. Temperature was measured with a Yellow 
Springs Thermistor coupled to a Cyborg M120 Thermal module. 
Skin conductance was measured with two zinc electrodes, 
through which a 0.5v current was passed. The electrodes were 
coupled to a Cyborg M150 Physiology module. Zinc electrode 
paste was used as the conducting medium. Pulse rate was 
monitored with a finger photometer, containing an LED light 
source and a photocell. The photometer was coupled to a 
Cyborg M1S0 Heart rate module set on the fast time constant 
setting (averaging every 2 beats).
Auditory feedback for the system under training was a 
variable—pitched tone presented through the speaker of the 
computer monitor. Feedback was controlled through a Cyborg 
M301 Audio module at sensitivity setting of one tonal step
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per l/10th o-f a degree centigrade. All procedures were 
carried out in a dimly lighted room maintained at 23 degrees 
centigrade (+/— 1 degree) to control -for temperature effects. 
The experimental chamber was sound resistant and illuminated 
by incandescent light. Equipment was located in a 
partitioned section of the room.
Ei=:
All subjects participated in three training sessions. The 
choice of this time period was made on the basis of reports 
that the most substantial part of the learning in temperature 
and frontalis EMG takes place within this period (King and 
Montgomery, 1980; Qualls and Sheehan, 1981). Sessions were 
scheduled one week apart. Participants were trained 
individually whi1e seated in a comfortably padded reclining 
chair. Forehead skin was prepared using acetone and mild 
abrasion and EMG electrodes were placed on the forehead 
approximately 25mm above the eyebrows and directly in line 
with the iris of the participant's eyes when gazing directly 
ahead. Prior to each session the DC resistance between the 
electrodes was measured. Resistance values below 10K were 
judged acceptable. A thermistor was attached with adhesive 
tape 10 — 15 mm proximal to the tip of the index finger of 
the participant's dominant hand. A tongue depressor was 
inserted between the tape and the finger to prevent finger 
movement which might cause artificial temperature changes. 
Electrodes for recording skin conductance were attached 30mm
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apart on the palmar surface of the non-dominant hand. The 
■finger photometer was attached by a velcro strip on the third 
finger of the non—dominant hand. This device was covered by 
a small cloth enclosure that shielded the photocell from the 
effects of room light.
Participants were instructed to sit quietly with eyes 
closed. An adaptation period followed for 1C> minutes, 
al1owing adequate time for both EMG and temperature 
adaptation.
Following the adaptation period each session consisted of 
a 10—minute baseline and three 10—minute trials, with a 
two—minute break between trials. During baseline, all 
subjects were instructed to sit quietly with eyes closed and 
to count the number of auditory tones presented. Each 
subject heard a tape recording of clicks presented at random 
intervals (from 65—75 clicks per 10—minute baseline, 
depending on the initial setting of the tape).
For the first two sessions Group 1 received instructions 
to sit quietly with eyes closed and to attempt to warm their 
hands, indicated by raising the pitch of the feedback tone. 
Group 2 was instructed to sit quietly with eyes closed and to 
reduce the muscle tension in the forehead, indicated by 
lowering the pitch of the feedback tone. Group 3 was 
instructed to sit quietly with eyes closed and to cool their
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hands, indicated by lowering the pitch of the feedback tone. 
Group 4 was instructed to sit quietly with eyes closed.
The third session of four 10-minute trials (one baseline 
and three training trials) separated by two—minute breaks 
were conducted in an identical manner for all participants. 
Following adaptation and baseline, participants were 
instructed to sit quietly with eyes closed and to attempt to 
warm their hands, indicated by raising the pitch of the 
feedback tone.
Following termination of the last trial in each session, 
subject were asked what they had done to achieve the response 
and their responses were recorded by the experimenter. On 
removal of all recording equipment particpants were thanked 
for their participation and scheduled for another session, or 
debriefed following the third experimental session.
Data reduction:
All physiological data were sampled at a rate of 10 times 
per second and averaged across each 24 samples. In this 
manner there were 256 data points per channel per trial, each 
representing the average of 2.4 seconds. Frontalis EMG was 
defined as the the mean in microvolts (uv) of samples in a 
trial. Skin temperature was defined as the mean temperature 
in a trial in degrees Centigrade. Heart rate (HR) was 
defined as the mean rate of beats per minute during each
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trial. Skin conductance level (SCL) was defined as the mean 
in micromho=i (umho) in a trial.
RESULTS
Preliminary analyses examined the data to rule out 
possible differences that would limit the comparabi1ity of 
results. Experimenter differences were tested for the mean 
temperature in trial 1 of session 3, in a one-way Analysis of 
variance (ANOVA) and were found to be non—significant overall 
(F= 1.24, df=2,45, n.s.) and within each group individually. 
The results are shown in table A. The sex of the subject was 
also found to be a non—significant variable in affecting 
outcome scores overall (mean temperature in session 3, trial 
1; t = .53, df 46, n.s.), and when measured separately by 
group (group 1: t=0.82, df 10,n.s.; group 2: t=0.41, df 10,
n.s.; group 3: t=0.09, df 10, n.s.; group 4: t=0.13, df 10,
n.s.).
To rule out possible pre-existing group differences, 
baseline means from the first session were tested in a 
one-way ANOVA for each of the four physiological measures. 
None of the group differences reached significance on any of 
the measures (Temperature: F=1.47, df 3,44, n.s.; EMG: F=.89, 
df 3,44, n.s.; SCL: F=.10, df 3,44, n.s.; Heart rate: F=.ll, 
df 3,44, n.s.). The results are summarized in Table B.
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Three sets o-f major analyses were performed on the data: 
1) To test for overall treatment effects; 2) To address the 
questions of differences across response systems on the 
initial biofeedback task, across sessions one and two; and 3) 
To examine the temperature results in session 3 to evaluate 
the effects of prior training on the transfer task.
Overall effects:
An overall test of training effects compared group means 
for each trial and each session over the four physiological 
measures in a 4(group) x 4(trial> x 3(session) Multivariate 
Analysis of Variance with repeated measures. There was a 
significant main—effect for trial, as well as significant 
group >: trial, trial x session, and group x trial x session 
interactions. The results are summarized in table C.
To further describe the effects, individual 4x4x3 
repeated measures ANOVAs were performed for each 
physiological measure. For hand temperature there was a 
significant main—effect for trial. In addition there were 
significant interactions of group x trial, trial x session, 
and group x trial x session. The results are summarized in 
table D and the group mean values of temperature across 
sessions and trials are described graphically in figure 1.
Figure 1: Means of groups by trial and sessioni Temperature
° Group 1
*  Group- 2
* Group 3
*  Group 4
SESSION 1 SESSION 2 SESSION 3
TEH5 (deg C) . TEMP (cleg C) TErff* (deg C)
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28
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Duncan multi pi e-range tests were employed to -further 
describe differences in the significant main effects and in 
the interactions. The results for trial are summarized in 
table E and indicate that temperature tended to decrease over 
trials* with baseline and trial 1 not differing, but 
differing from trials 2 and 3, which also differ.
The group x trial analysis is summarized in table F and 
indicated that group 1 tended to begin with high temperature 
and to maintain the high level. Group 2 began slighly lower 
than group 1, and the temperature gradually decreased, with 
one trial not differing from the previous trial, but their 
differing from the following trial. Temperature in group 3 
decreased more precipitously across trials, with each trial 
being lower than the preceding one. In group 4 temperature 
did not change significant1y over trials.
In comparing temperature across sessions and trials 
(summarized in table G) , overall the temperature decreased 
gradually over trials in each session, though the range 
expanded from session 1 to session 2. In session 3, the 
baseline was higher and the second and third training trials 
were higher than in the previous sessions.
For temperature overall, in the group x trial x session 
analysis (summarized in table H), group 1 remained at roughly 
the same level across trials in session 1. Temperature in
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group 2 similarly did not change, though it remained at a 
slightly lower level. Temperature decreased in group 3, 
gradually at first, then more sharply by trial 3. Group 4 
began and .remained at a relatively low level.
In session 2, group 1 began with and maintained a higher 
temperature than the other groups. The temperature of group 1 
in session 2 was also at a higher level than its own 
performance in session 1, including a significant increase in 
baseline temperature. Temperature of group 2 in session 2 
was much as it was in session 1, though there was a slighly 
greater tendency for temperature to decrease by trial 3. For 
group 3, temperature began at a lower level than it had in 
the first session and sharply decreased across each trial. 
Group 4 began with slightly higher baseline in session 2 than 
in session 1, and maintained this level, with a small 
decrease in trial 3. In session 3, group 1 again began with 
a high temperature level and maintained it through the 
trials. In group 2, temperature decreased gradually over 
trials, much as it had done in previous sessions. In group 
3, temperature began at the usual baseline, then was 
maintained across trials, rather than decreasing as in 
previous sessions. In group 4, baseline temperature again 
increased over the sessions. Temperature decreased in trial 
1, then stabilized over the remaining trials.
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In EMG, there was a signi-ficant main-e-f-fect for trial. 
There was also a significant group x trial x session 
interaction. The results of the ANOVA for EMG are presented 
in table I. The group means for EMG across trials and 
sessions are presented graphically in figure 2.
The main—effects and interaction were further analyzed 
using Duncan Multiple Range Tests. For trials, EMG levels 
decreased very gradually over trials, with baseline and trial 
1 differing from trials 2 and 3, but not differing among 
themselves. The results are summarized in table E.
The results of the Duncan test of EMG over group x trial 
x session are presented in table J. In session 1, EMG in 
group 1 did not change across trials. For group 2, EMG began 
at moderate levels and decreased across trials. In group 3, 
EMG did not change across trials in session 1. EMG levels in 
group 4 began slighly higher than the other groups, but 
gradually decreased over trials. In session 2, for group 1 
EMG levels did not change over trials. For group 2, EMG 
levels began at levels similar to session 1, and again 
decreased sharply from baseline to trial 1, then remained at 
this low level over the remaining trials. EMG did not differ 
across trials in group 3, much as in session 1. Group 4 
began with a considerably lower baseline EMG in session 2 
than in session 1 and maintained this low level across
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trials. For session 3, EMG did not differ across trials in 
groups 1, 2 or 3, and were nearly identical across the 
groups. In group 3, baseline levels were considerably higher
than in previous sessions and gradually decreased over 
tri als.
For Skin Conductance Level (SCL) there was a significant 
main effect for trial. In addition, there was a significant 
tri al >; session interaction. The resul ts of the ANOVA are 
summarized in table K and group means of SCL across trials 
and sessions are presented graphically in figure 3.
Further analysis was performed with Duncan Multiple Range 
Tests of the main effect and interaction. The main-effect 
results are presented in table E and show that SCL was 
significantly lower in the baseline than in the three 
training trials and the training trials did not differ among 
themselves.
The analysis of the session >: trial interaction is 
summarized in table L. In sessions 1 and 2, SCL began at low 
levels at baseline, then increased gradually across trials. 
However, in session 3, while SCL began at the same low level, 
there was a sharp increase in trial 1. From this high level, 
SCL gradually decreased in trials 2 and 3, but never to 
baseline levels.
47
For heart rate (HR), there was a significant main-effect 
for trial, with a significant group x trial x session 
interaction. The results of the ANOVA are summarized in 
table M. The group means of heart rate across trials and 
sessions are presented in figure 4.
Duncan Multiple Range Tests were used to further describe 
the heart rate results. Over trials (shown in table E ) , 
heart rate decreased gradual 1y , with one tri al not di ffering 
from that which follows it, but differing from the other 
trials. In the interaction (presented in table N > , heart 
rate in group 1 began at a similar level to that of the other 
groups, then decreased and maintained this lower level 
through the trials in session 1. In group 2, HR decreased 
more gradually from baseline and stabilized at a higher level 
than in group 1. In group 3, HR did not differ significantly 
across trials, though the stable level was somewhat higher 
than in groups 1 and 2. In group 4, there was a decrease 
from baseline that was maintained at a low level across 
trials. In session 2, for group 1 performance was very
similar to the session 1 pattern. In group 2, baseline HR
was considerably higher in session 2 and there was a small
decrease to a higher level than in session 1. In group 3,
there was again no change across trials, although at a 
slightly lower level than in the previous trial. In group 4, 
heart rate decreased from baseline, stabilizing at a level 
similar to session 1.
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In session 3, HR in group 1 did not change over trials, 
and was stable at a considerably higher level than in 
previous trials. In group 2, EMG remained at baseline 
levels, then decreased slightly in trial 3. In group 3, HR 
did not change across trials and was stable at a low level. 
Likewise, HR in group 4 did not change across trials, though 
the stable level resembled that of group 1 more than that of 
group 3.
Patterns across ehYsi.giggi.cai systems gn initiai biofeedback 
task:
In order to test more specifically the effects of the 
initial biofeedback task on physiological responses, a 
4<group) x 4(trial) x 2(session) MANOVA with repeated 
measures was performed. The results of the MANOVA are 
summarized in table 0. There was a significant main effect 
for trial, as well as significant group x trial and trial x 
session interactions.
To further examine significant effects, individual 4 x 4  
x 2 ANOVAs were conducted for each of the physiological 
measures. For temperature on the first biofeedback task, 
there was a significant main effect for trial, with 
significant group x trial and trial x session interactions. 
The results are summarized in table P.
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Duncan multipie—range tests were used to further 
describe significant temperature effects. For trials, there 
was no difference from baseline to trial 1, and temperature 
decreased in tri als 2 and 3. The results are shown in table 
Q. For trial >; sessions effects, temperature gradual 1 y 
decreased in session 1, with a somewhat sharper decrease in 
session 2. The trial >; session results are shown in table R. 
In the group x trial interaction (presented in table S ) , the 
temperature in group 1 was maintained" across trials at a high 
level. For group 2 temperature declined very gradually 
across trials. For group 3, temperature decreased sharply, 
from the highest level on baseline to the lowest level of any 
group on trial 3. For group 4, temperature increased very 
slightly from baseline to trial 1, then gradually decreased 
to baseline levels.
For EMG, there was a significant main effect for trial, 
as well as significant group x trial and group x trial x 
session interactions. The results are presented in table T. 
The effects were tested further with Duncan Multiple Range 
Tests. For trials (shown in table Q) , EMG decreased very 
gradually, with no change from baseline to trial 1, a 
decrease in trial 2, and no further change in trial 3. In 
the group x trial interaction (in table U), the EMG in group 
1 did not change significantly over trials in sessions 1 and 
2. In group 2, EMG decreased sharply in trial 1, then was
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maintained at the lowest EMG level. Group 3 EMG did not 
change signi-ficantly over trials and was maintained at the 
highest EMG level. In group 4, EMG did not change from 
baseline to trial 2, but decreased in trial 3 to the lowest 
level. The group x trial x sessions interaction (presented 
in table V) is remarkable principally -for the lower baseline 
EMG levels in session 2 tor group 4. This low level was 
maintained at a low level through the remaining trials.
For SCL in sessions 1 and 2, there was a significant 
effect for trial, with a significant group x trial 
interaction. The results of the ANOVA are summarized in 
table W. The effects were examined further with Duncan 
Multiple Range Tests. The effect for trials (in table Q> 
shows that SCL was lower at baseline than in any of the 
training trials and SCL did not differ among the training 
trials. The group x trial effect is summarized in table X. 
For group 1, SCL increased sharply from baseline to trial 1, 
then was maintained across trials. For group 2, the increase 
was considerably more gradual, though by trial 3, SCL did not 
differ from group 1. In group 3, SCL increased in a manner 
virtually identical to group 1. Group 4 clearly differed 
from the other groups, as SCL was maintained at a constant 
low level across trials in session 1 and 2.
52
For heart rate, there was a significant main effect for 
trial. There was also a significant group x trial 
interaction. The results are described in table Y. Duncan
multiple range tests described the significant effects. For 
trials, HR descreased gradually, with baseline and trial 1 
not differing, but trials 2 and 3 being lower than baseline. 
The results are summarized in table Q. The group >: trial 
interaction (results presented in table Z ) showed heart rate 
decreasing in group 1 across trials, stabilizing at the 
lowest level from the first trial. In group 2 there was a 
more gradual and less extreme drop in heart rate across 
trials. In group 4, heart rate decreased sharply across 
trials, stabilizing at the lowest level, much as was the case 
in group 1.
In order to further describe the performance of the four 
groups during training in the first task, standardized class 
means were computed for each group for each trial. In this
manner, patterns comparing performance on all four 
physiological measures across groups may be combined in terms 
of proportions of standard deviations from the overall mean. 
The patterns for all groups across the baseline and three 
training trials for session 1 are presented in figure 5, and 
for session 2 in figure 6.
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Figure 5: Standardized class means of
group patterns across trials 
in session 1
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Figure 6: Standardized Glass means of group patterns
across trials in session 2
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In establishing that the training in the first two 
sessions was effective for the groups, the analyses and group 
means are convincing in describing significant EMG reduction 
in group 2 and significant reduction in hand temperature in 
group 3- While there is, indeed, a mean hand temperture 
increase for group 1 in session 1, the pattern is less clear 
in establishing successful training in increasing hand 
temperature- Therefore an analysi s of first and last hand 
temperature readings in each trial was performed for sessions 
1 and 2- A change score of last minus first values was 
computed for each subject and were compared through a 
repeated—measures analysis of covariance, with the initial 
value in each trial used as the covariate-
For the analysis of covariance of change scores and 
initial values across trials in sessions 1 and 2, there were 
significant main effects for group and trial, with 
significant group x trial and trial x session interactions. 
The results of the analysis of covariance are summarized in 
table AA. First and last temperature values for each group 
by trial in sessions 1 and 2 are presented graphically in 
figure 7. From this graph it may be seen that while 
temperazature increased consistently during the trials, the 
initial value of each trial was frequently lower than the
Figure 7: First and last temperature
means for groups across trials 
in sessions 1 and 2
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last reading in the previous trial. Thus, though the trial 
means do not always reflect it, the hand temperature of the 
subjects in group 1 consistently increased during the trials.
T—tests comparing least—square means were used to 
evaluate the significant effects of the covariance analysis 
in more detail. The adjusted change scores for each group 
differed significantly from every other group. The results 
are summarized in table AB. The trial comparisons are 
summarized in table AC. The baseline differed from the other 
three trials, though trials 1, 2, and 3 did not differ 
overall. The comparisons of interest in the group x trial 
interaction are summarized in table AD. In general, the 
baseline for group 1 differed from the baselines in groups 2 
and 3. Hand temperature in group 1 changed significantly 
across trials in group 2 and only one significant change in 
group 4. The groups tended not to differ across trial on the 
baseline and first trials, but to differ significantly on 
every second and third training trials. Of the trial >: 
session interaction (shown in table AE), only the third 
trials in session 2 failed to differ significantly from the 
others.
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Anal.ysi^s of transfer of training task:
Performance of the groups in session 3 was. assessed 
statistically in four Mays, first by multivariate analyis of 
variance acros all four physiological measures, To assess 
specific effects in the response under training, mean 
temperature score were compared using a 4 (group) x 4 (trial) 
analysis of variance with repeated measures. Transfer of 
training was assessed more directly in terms of a specific 
transfer of training formula, and by analyzing change scores, 
covarying the initial value in each trial.
In the session—3 MANOVA only the main effect for trial 
was significant. The results are summarized in table AF. To 
further examine the significant effect individual 4 (group) x 
4 (trial) analyses of variance were used to test the four 
physiological respones separately. The results of the ANOVAs 
are presented in table AG. For temperature, there was a 
significant main effect for trials and a significant group x 
trial interaction. For EMG there was no significant effect. 
For SCL and HR there were significant trial effects.
Duncan Multiple Range Tets were used to examine the 
significant effects. Temperature decreased gradually over 
trials (shown in table AH), with trial 1 being lower than the 
baseline and trial 1. The group x trial interaction
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(presented in table AI), showed a high temperature in group 1 
that was maintained across trials. In group 2 temperature 
decreased gradually, with adjacent trials not differing, but 
with clear decreases over the trials. In group 3, 
temperature did not change significantly across trials, 
though it began and was maaintained at a level just below 
that of group 1. For group 4, temperature decreased in trial 
1, but was maintained at that level across the remainiing 
trial s. SCL in sessi on 3 increased from baseli ne to tri al 1 
and did not change significantly thereafter. For heart rate 
baseline and trials 2 and 3 did not differ and trial 1 was 
significantly higher than trials 2 and 3. These results are 
shown in table AH.
Further descriptive analysis of the results is provided 
by computing a percent transfer figure according to a formula 
proposed by Murdoch (1957). The formula compares performance 
on the transfer task by a group who had received prior 
training to a no-treatment control group. The formula is as 
fol1ows:
treatment scores — control scores
----------------------------------- ;---------- x 100
treatment scores + control scores
By this formula, the maximum amount of positive transfer is 
+ 100% and the maximum amount of negative transfer is — 100%. 
When there is no effect, the transfer figure is 0. In this
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manner, the trial means from groups 1, 2, and 3 were compared 
to trial means from group 4. Scores were converted to 
reflect the attenuated range of hand temperature possible for 
1iving humans in normal room temperature. 22oC is commonly 
cited as the bottom of the normal range of hand temperature 
(Lynch and Schuri, 1978; Baudewyns, 1976) and no subject had 
a hand temperature reading at any time that was lower than 22 
degrees centigrade. Therefore 22 was subtracted from all 
temperature scores for this analysis. The results are 
summarized in table A J „
Group 1 had a higher level of positive transfer than the 
other groups, (trial ls+11%; trial 2: +11%; trial 3; +10%), 
not surprising as the transfer task was the same as the 
initial task. There was also positive transfer of a more 
modest level in group 3 (trial l:+3%; trial 2: +2%; trial 3: 
+2%), suggesting that the hand-cooling task was slightly more 
useful in facilitating later training than was a no—training 
control. The positive transfer appeared to increase most 
strongly in the third trial in this group. Most striking is 
the finding that group 2 showed initially no difference of 
any kind from the control group, and that the EMG decrease 
task appeared to interfere with subsequent learning of the 
hand—warming task (trial 1: 0; trial 2: —3%; trial 3: -5%). 
The influence of prior training appeared not to be limited to 
trial 1, but to have an enduring effect through all three 
trials in the training task. The percent transfer figures
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were compared by -finding w (omega) values -from the 
Lawshe—Baker nomograph -for the comparisons of proportions 
(Downie and Heath, 1974), then testing them -for signi-ficance 
levels. The results are summarized in table AK. Groups 1 
and 2 were significantly different (trial Is w=.5, p<.05; 
trial 2: w=T6, p<.05; trial 3s w=.6, p < .05). Groups 2 and 3 
differed significantly in the second and third trials (trial 
Is w=.2,n.s.; trial 2s w=.S, p<.05j trial 3s w=.5, p<.05). 
Group 1 and group 3 percent—transfer figures did not differ 
significantly.
Change scores were computed for each subject by 
subtracting the first temperature reading in a trial from the 
1ast value in the trial. The first and last values for each 
group across trials in session 3 are presented graphically in 
figure 8. These change scores were analysed in a 4 (group) x 
4 (trial) analysis of covariance with repeated measures, using 
the initial value in each trial as the concommitant variable. 
In this analysis the results (summarized in table AL) 
indicate significant effects for trial and group x trial.
Post—hoc analysis was performed by using t-tests to test 
the least square means for significant differences in the 
comparisons of interest. The results are presented in table 
AM. They reveal a significant difference between the 
baselines in each group, with the adjusted mean change in 
group 1 being greater than in group 3, fallowed by groups 4
Figure 8: First and last temperature means
for groups across trials 
in session 3
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and 2. Adjusted change scores -for group 1 were positive 
across trials 1 and 2, with a slight decrease in trial 3. 
Group 1 differed -from the other groups on the -first two 
trials, but not the third, where none o-f the groups di-f-fered 
significantly. In terms of comparisons between the treatment 
groups and the control group, group 1 was greater than group 
4 on trials 1 and 2. Group 2 change was positive in trial 1 
and was significantly greater than group 4, though in trials 
2 and 3 change was negative and did not differ significantly 
from group 4. In group 3, only the change in trial 3 was 
positive, and was not significantly different from change in 
group 4. Between groups 2 and 3, in trial 1, adjusted change 
in group 2 was positive and greater than in group 3, where 
temperature decreased. Groups 2 and 3 did not differ in 
trial 2 and in trial 3, group 3 increased slightly and was 
significantly different than group 2, in which negative 
change occurred.
Subjects were asked at the end of each training session 
what they had done during the session. The responses 
concerning the strategies attempted were sorted into 
categories suggested by previous studies (Levinson and Ditto, 
1979). In all there were nine different kinds of strategies 
reported. Given the large number of categories, the present 
number of subjects does not allow meaningful statistical 
analysis. For descriptive purposes the frequency of each 
strategy reported for groups 1, 2 and 3 are summarized in
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table AN. In general, thermal images were the most 
frequently reported strategies for hand temperature increase 
in group 1, followed by trying to relax all over. For group 
3, in decreasing temperature, thermal images were also most 
frequently reported, followed by exciting images. In group 2 
overall relaxation and specific r'elaxation techniques (e.g., 
relaxing face or forehead only) were most frequently 
reported, followed by imagining relaxing scenes and 
distraction techniques.
DISCUSSION
This study was designed to address questions concerning 
the physiological effects of EMG and hand temperature 
biofeedback in two ways: 1) By investigating the possibility
of transfer of training effects across physiological response 
systems; and 2) by examining the patterns in four 
physiological responses produced in the course of biofeedback 
training in a single response system.
The transfer of training data yielded two basic findings 
overall. First, biofeedback training to decrease hand 
temperature (a response within the same physiological system 
but in the opposite direction of sympathetic arousal from the 
transfer task) led to a modest level of positive transfer to 
the hand temperature—increase training, particularly in terms 
of the group means. Second, frontalis EMG training tended 
not to reliably facilitate subsequent training in increasing 
hand temperature. Indeed, in the group data there is an 
interference , or negative transfer, effect that increases as 
training continues. The analysis involving the within-trial 
changes revealed a temperature increase in the first training 
trial, then a sharp decline or interference effect. The 
frontalis EMG training was a task that differed from the 
transfer task in the response system involved, but was in the 
same direction in terms of sympathetic arousal.
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From these -findings several comments may be made about 
the nature o-f the transfer phenomena. Assuming that task 
similarity of some kind influences transfer, this variable 
may be examined at a number of levels. A basic similarity in 
the transfer may be that experience with simply attending to 
a feedback tone may itself affect subsequent performance on a 
different task. As the session—3 performance of groups 2 and 
3 is not uniform, the experience factor does not appear to 
account for the data entirely. A more plausible assumption 
is that some more complex level of task similarity between 
the initial training and the transfer task accounted for the 
transfer effects. The hand-temperature-decrease group had 
experience with biofeedback training in the vasomotor 
response system and this system—specific skill appears to 
facilitate later performance in hand—warming in a consistent, 
though modest way, as compared to the control group. In 
group 2 (the EMG—decrease group) the group means seem to 
reflect initially no change, then a considerable decrease in 
hand temperature. However, in the wi thi n—tri al analysis of 
change, there is an increase in hand temperature in trial 1 
for group 2, followed by a sharp decrease. This pattern 
suggests some initial facilitation of hand warming followed 
by a considerable interference effect. In other words, there 
may be an initial level of positive transfer followed by a 
failure of discrimination learning in subsequent trials.
Thus, the experience with biofeedback training to decrease
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EMG (a response that is similar to the transfer task in the 
direction o-f sympathetic arousal), seems to initially provide 
some help, but does not prove to be consistently helpful and 
may in fact interfere with subsequent training.
Another dimension of task—si mi 1arity may be examined 
through the strategies reported by the subjects in each group 
during the initial training task. The strategy most 
frequent1y reported in the hand—temperature— i ncrease group 
was thermal images (5S%), the same strategy reported as most 
common (67/i) in the group decreasing hand temperature. The 
strategies reported most commonly in the EMG group were 
overal1 relaxation (29%), a strategy that came in a distant 
second in the hand—warming group, and specific relaxation of 
the facial muscles (29%), a strategy that was not reported at 
all in group 1.
While the task—si mi 1arity variable seems to account best 
for the data, an additional related factor appears also to 
have influenced the results. The knowledge of the 
relationship between tasks has been shown to affect the 
nature of transfer of training in other circumstances 
(Cratty, 1973). Closely related to this knowledge factor is 
the discrimination learning between tasks, or learning not to 
generalize from the previous task. The subjects doing the 
hand—cooling task had occasional and intermittant experience 
with their hands warming up rather than cooling off. It
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seems plausible to expect that these hand-coaling subjects 
had more information about the relationship between hand 
cooling and hand warming than the EM6 subjects had about the 
relationship between EMG reduction and hand warming. With 
this information they could learn more quickly to 
discriminate, or not to generalize, from the initial task.
Thus, the transfer of training results are somewhat 
equivocal. Results based on group means point out the 
influence of specific within—system response training. The 
findings tend to support an operant, specific peripheral 
motor— skills explanation of biofeedback training. (Black et 
al, 1977; Lang, 1975). However, the within-trial data
suggest that there may be some initial positive transfer from 
frontalis EMG reduction to hand—temperature decrease. These 
findings provide some evidence of positive cross-system 
effects that may be based on more generalized physiological 
effects.
The further understanding of finding of differences in 
group performance across trials on the transfer task requires 
examination of performance of the groups on the initial 
biofeedback task. A few points concerning the patterning of 
responses in the initial biofeedback tasks are clear from the 
data. First, the training in the various responses produced 
consistent change in the system under training, so it is 
meaningful to discuss training effects. Second, the
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bio-feedback tasks di-f-fer in their e-f-fect on other systems 
during training.
The temperature in group 1 increased during the trials 
and heart rate decreased sharply across the training trials. 
In group 2 EMG levels clearly decreased across trials, though 
changes in other responses were not striking. In group 3, 
temperature decreased clearly and there was an increase in 
heart rate. From these results it appears that temperature 
training in either direction was achieved along with some 
generalized changes in sympathetic arousal, at least to heart 
rate. There was no systematic effect -found on EMG levels in 
either group, and skin conductance did not di-f-fer at all 
among the training trials in any group.
The temperature readings differed across groups in the 
first task in ways that are not surprising given the nature 
of the training tasks. The group trained to increase hand 
temperature had the highest temperature, followed by the EMG 
group and the control group. The group trained to decrease 
hand temperature had the lowest hand temperature of all the 
groups. The heart—rate results are somewhat more striking in 
that any effects in this response system are indicative of 
generalization effects, as no group received feedback on this 
system. In heart rate the groups differed in that the lowest 
heart-rate was that of the increase-temperature group, 
followed by the control group, then the EMG group, with the
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hand-cooling group having the highest heart rate. Heart rate 
decreased with hand warming and increased with hand cooling, 
suggesting clearly that the hand temperature biofeedback 
training cesylter4 in changes in heart rate -that - are 
consistent in the direction of sympathetic arousal. This 
result is inconsi stent wi th the f indings of a number of other 
studies of hand temperature (Surwit et al, 1976; Baudewyns, 
1976; Taub and Emurian, 1976).
The lack of consistency between the findings of the 
present study and those of previous studies concerning 
heart-rate effects may be attributed to differences in the 
experimental procedures. Surwit et al (1976) used a 
comparable duration of training time (30—minute sessions), 
but the sessions were divided into twenty 75—second trials, 
and at the end of each trial a light flashed, a 1000 Hz. tone 
sounded and the meter flashed a reading of the reward earned 
in that trial. In addition, the study used visual analog 
feedback rather than auditory feedback. The circumstances in 
the present study (with 3 10-minute training trials) are more 
likely to facilitate generalized relaxation than is an 
arrangement with less extended trials with a startling signal 
at the end of each trial. The Baudewyns (1975) study 
examined the response of hand temperature, heart rate and 
skin conductance level to stressful stimuli (mild electric 
shock), rather than the response to biofeedback procedures. 
The procedure of Taub and Emurian (1976) differs from the
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present study in that it used visual feedback (a 
variable— intensity light) and included in the instructions 
specific suggestions about using thermal imagery (only one 
class of the strategies reported by the subjects trained to 
change hand temperature in the present study). In addition, 
the duration of training varied widely among subjects in that 
exploratory study.
The patterns described for hand temperature training 
(either decreasing or increasing) seem to involve some 
generalization across physiological systems that is 
consistent with either low or high sympathetic arousal. 
However, there were no systematic changes in EMG or SCL.
The finding that frontalis EMG was affected very little 
by hand temperature training is consistent with the findings 
of Naliboff and Johnson (1978). While it cannot be said that 
low EMG and high hand temperature are physiologically 
incompatible, nor that high EMG and low hand temperature are 
incompatible, it is clear that the responses do not 
necessarily vary inversely during temperature training. 
Certainly it cannot be assumed that hand temperature training 
is a reliable and effective means of reducing frontalis EMG. 
EMG biofeedback training and even sitting quietly with eyes 
closed were more effective in reducing frontalis EMG in this 
training format.
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As was mentioned previously, SCL increased in the 
training groups from baseline to the training trials, but 
there were no specific patterns characteristic of any of the 
training tasks. The SCL results are consistent with previous 
negative findings for SCL in other biofeedback tasks (e.g., 
Surwit et al, 1976; Del man and Johnson, 1976; Gatchel et al, 
1978) and suggest that the SCL readings may be a function of 
effort or attention to the tone that obscures the possible 
generalization effects. Surwit et al, (1976) cite the work
of Sokolov (1963) in describing the orienting response. Both 
peripheral blood flow and skin conductance are components of 
the orienting response. The decrease in hand temperature and 
increase in skin conductance that all subjects show at the 
beginning of a trial is probably a reflexive orienting 
response to the biofeedback task. Subjects attempting to 
increase temperature apparently must first habituate their 
reflexive vasoconstriction to the task before they are 
successful (Surwit et a l , 1976). It may be that SCL does not
habituate in the same way, as it is not specifically trained. 
Indeed, none of the biofeedback studies reported in the 
literature reports a decrease in skin conductance, even those 
that report some cross—system covariation of sympathetic 
responses, and some report increases in skin conductance 
during biofeedback (DeGood and Chisholm, 1977; Del man and 
Johnson, 1976; Gatchel et al, 1978).
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In general, these results support the view that hand 
temperature biofeedback involves some generalized changes in 
sympathetic activity (Stoyva and Budzynski, 1974; Blanchard
and Epstein, 1978). However, there is some suggestion that 
there is a tendency toward some eventual specificity in this 
response pattern. For example, in group 3 in the second 
session, temperature decreased sharply across all the 
training trials. However, whi1e there was initially an 
increase in heart rate, heart rate levelled off, even 
decreasing at the end of the session. It appears that while 
some overall changes in sympathetic arousal are involved in 
the initial response, the response may become more specific 
as training continues. Obviously, these trends are only 
suggestive, but if replicated and studied with more extended 
training, a pattern more consistent with an operant model of 
increasing specifity may be found.
The patterns of physiological specificity found in the 
EMG group are consistent with a number of earlier studies 
finding no changes consistent with low sympathetic arousal 
across physiological systems during EMG biofeedback 
(Alexander et al, 1977; Burish et al, 1981; Dale et al ,
1980.) Indeed, as in some previous studies (Delman and 
Johnson, 1974; Gatchel et al, 1978), SCL tended to increase
over baseline levels during EMG training , as it did in the 
temperature training groups. Again, the findings are
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consistent with theories predicting specific physiological 
effects in EMG biofeedback (e.g., Lang, 1975; Black et al , 
1977), rather than those that predict more generalized 
physiological effects.
The direct implications of this study for clinical 
applications are somewhat limited. Replication with a 
clinical population is especially important, as it has been 
observed that reseach on normal subjects is often not 
sensitive to some of the physiological effects of relaxation 
techniques, though studies with clinical populations often 
find such effects (Lehrer, 1978). Work with a clinical 
population might be particularly helpful in differentiating 
the treatment effects from the ceiling effects that seem to 
have appeared in hand temperature in group 1 and the floor 
effects approached with EMG and heart rate in the various 
groups.
In general, however, should these results hold up in 
replication, the clearest information they yield to clinical 
application is the considerable specificity of biofeedback 
training, particularly EMG biofeedback. Indeed, though hand 
temperature biofeedback seems to generalize initially, the 
generalization extends only to heart rate and it is not clear 
that this generalized pattern endures with extended training. 
In terms of using training in a different biofeedback task to
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■facilitate subsequent training to increase hand temperature, 
the hand temperature decrease group was superior to either 
EMG decrease or the control condition in mean temperature.
Th«= EMG training may facilitate initial temperature—increase 
training, but there appears to be an interference effect as 
temperature training continues beyond a first trial.
However, all three are inferior to extended training in the 
temperature—increase task. Such results encourage little
optimism about the use of cross—system transfer, or even 
within—system transfer, to facilitate later Learning to 
increase hand temperature. Again, this pattern may be 
considerably different in clinical populations and requires 
further study.
Several methodological points are worthy of note. First, 
while the statistical analyses of the various aspects of hand 
temperature were very similar in their findings of group 
differences across trials, the trial means (particularly in 
the hand temperature— increase group and in the transfer task 
for group 2) did not always reflect the changes within trials 
that were indicative of successful training. It appeared 
that temperature often increased significantly during the 
training trials, only to decrease during the two-minute rest 
periods, leaving a mean decrease, although temperature was 
successfully increased during the trials. The two ways of 
assessing group performance over extended trials complement 
one another in the information provided.
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A second point is that subjects tended to respond during 
baselines in the second and third sessions consistent with 
physiological patterns they were trained -for during the 
previous trials. This occurred with some consistency, 
although they were given a low—demand auditory vigilance task 
to perform during the baseline. The variables affecting this 
are not clearly defined, although some possible conditioning 
effects may have occurred in response to the experimental 
setti n g .
A third methodological point is that the results of the 
present study are consistent with findings of extensive 
individual differences in response to biofeedback training 
reported in the literature (Lynch et al, 1976; Lynch and
Schuri, 1978; Taub and Emurian, 1976; King and Montgomery,
1981). These individual differences may be in the rate and 
extent of successful training, as well as in different 
physiological response patterns and strategies reported 
during training. These differences are reflected in a 
considerable level of within—group variance, or error, that 
must be overcome for group effects to emerge. Thus, 
individual differences that are obviously important on the 
clinical application level, are treated in designs such as 
this one as "noise". A number of the important practical 
issues that have aroused interest in physiological effects of 
biofeedback procedures might be better addressed in future
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research in designs that allow examination o-f the individual 
variations in response.
In summary, the results o-f this study are somewhat 
equivocal in the examination o-f cross—system effects in 
biofeedback training. In the initial biofeedback task, some 
evidence was found of generalization to heart rate during 
hand temperature training. While no such pattern of 
cross—system generalization was found in the EMG group, there 
was an initial facilitation of hand temperature in the 
transfer task, followed by apparent interference. Both 
frontalis EMG reduction and hand temperature—decrease 
training seemed to facilitate subsequent hand-temperature, 
though in a modest way, relative to the performance of the 
control group. However, neither of these groups approached 
the performance of the group that received training to 
increase hand temperature across all three trials.
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Appendices A through AM
a p p e n d i x  a
CONSENT FORM
I _______________    , freely and voluntarily and without undue
inducement or any element of fraud, duress, or other coercion, consent 
to be a participant in the. research project entitled "Generalization 
in Biofeedback Training" being conducted atUMD-Rutgers Medical 
School, Middlesex General Hospital with Lynn P. Clemow as 
principle investigator. The procedures to be followed and thier
purposes have been explained to me and are as follows:
I have been asked to schedule three sessions with the experimenter 
at my convenience during the laboratory times available. I 
understand that each session with take about one hour.
I understand that during each experimental session, small
psychophysiological recording devices will be attached to my
forehead and hands. The devices measure muscle tension, skin temperature, 
heart rate and skin resistance. These devices are attached by 
sterile adhesive or velcro strips which are made of soft plastic and 
present minimal discomfort. In addition I will be asked to wear a 
pair of stereophonic headphones through which a series of tones will be 
presented to me.
I will be asked to complete several questionnaires. After the recording 
devices are attaches, I will be asked to recline in a chair while 
physiological measures are taken for about 10 minutes. After a 2-minute 
rest period, I will be given specific instructions on the biofeedback task 
of the group to which I am randomly assigned. I will then be given 
three 10-minute training trials, separated by 2-minute rest periods.
The devices will then be removed and another appointment scheduled.
At the conclusion of the third experimental session, the physiological 
record will be explained to me and any qiestions regarding the experimental 
procedures or the results obtained will be thoroughly answered.
I understand that biofeedback is a process in which a person may 
learn to influence physiological responses. The process involves 
recording the physiological response (for instance, hand temperature 
or muscle tension), then converting the signal to an easily 
understood form such as an ouditory tone that varies in pitch._
This converted signal is fed back to the individual on a relatively 
immediate basis so that changes can be monitored.
I understand that the aim of this study is to determine in what
ways biofeedback training affects physiological responses. I understand
that this work is experimental in nature.
I also understand that I may withdraw from the experiment at a n y  
time. I understand that any information pertaining to me will be 
kept in strict confidence and that this information will not be 
available to anyone except the research project's principle 
investigator. The only identifying information will be my sex, 
age and experimental number. There is no cost to me for my 
participation in the study.
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Biofeedback is a well-researched procedure and there is no known
risk in participation. The discomforts which might result from my
participation have been explained-to me and are as follows: I will
be asked-to sit quietly for about 50 minutes. I will in some
sessions listen to a tone that varies in pitch according to changes
in a physiological response. I understand that should any of these
procedures prove to be distressing to me, the investigator will be
readily available to me and willing to help professionally in any
way possible. I also understand that the services of UMD-Rutgers Medical
School are available should more extensive help be needed, and
the investigator can help to secure suqh services.
1
Any benefits reasonable expected are as follows: I will receive
a brief experience (at least one full session) with biofeedback 
training. I will obtain information on my bodi.ly responses to 
biofeedback training. I will contribute information that will 
advance the scientific understanding of the process of biofeedback.
I have read or have had read to me and understood this consent form 
and have had the nature of the procedure and my inherent risk explained 
to me. I have had the opportunity to seek clarirication and to examine 
this consent form that contains a written description of the 
procedures involved. I have also been given a copy of this consent 
form. I voluntarily agree to participate as a subject for such 
procedures and understand that I may withdraw this consent and my 
participation at any time without prejudice, and without loss of 
any remuneration already earned. UMD-Rutgers Medical School will provide 
free medical treatment at its own facilities for human subjects who 
suffer physical or psychological injury or illness as a direct result 
of participation in research activity conducted at UMD-Rutgers 
Medical School. Monetary compensation for physical or psychological 
injury or illness is not available. No compensation or medical 
treatments will be provided by Rutgers-The State University if 
injury occurs.
Signature _________________    Age_________  Date
Witness
Name of Investigator:
Department 6 
Telephone number:
Lynn P. Clemow
Department of Psychiatry 
Middlesex General Hospital
937-7650
Department of Psychology 
Psychology Building/Busch Camp 
Rutgers - The State University
u s  9 3 2 - 2 5 7 6
J
J
to
TABLE A
Analysis of Variance far Experimenter Differences
Source rtf MS F
Between groups 2 18.12 2.24 n.s.
Within groups 45 0.08
I
* B < 0.05
itI
vO
-r^
A
P
P
E
N
D
I
X
95
Table B 
Analysis of Variance
Baseline Means (Session 1) By Group
Temp' SS df ms F
Tr 51.22 3 17.07 1.47
Er 511.81 44 11.63
Total 563.03 47
EMG
Tr 17.25 3 5.75 .89
. Er 285.56 44 6.49
Total 302.81 47
SCL
Tr 2.27 3 .76 0.01
Er 303.91 42 7.24
Total 306.18 45
HR
Tr 58.08 3 19.36 0.11
Er 7524.85 44 171.02
Total 7582.92 47
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Table C
Multivariate Analysis of Variance for Temperature, EMG, SCL and HR
Source Wilk*s Lambda df F £
Group (G) 0.77223 12,108.77 0.93 0.52
Trial (T) 0.44946 12,341.59 10.05 0.0001
Session (S) 0.90521 8,166 1.06 0.39
G x T 0.67682 36,485.16 1.48 0.03
G x S 0.74749 24,290.76 1.05 0.39
T x S 0.82178 24,883.82 2.13 0.0013
G x T x S 0.65164 72,997.22 1.59 0.0017
Table D 97
ANALYSIS OF VARIANCE FOR HAND TEMPERATURE - OVER ALL SESSIONS
SOURCE df ms
3
44
Group (G)
Subj (Group)
Trial (T) 3
Session 2
G x T 9
T x Subj (Group) 132
G x S 6
Session x Subj(Group) 86 
T x S 6
149.56 
78.49 
36.78 
22.13 .... 
6.94 
2.26 
26.10 
18.69 
3.79
1.91
16.27*
1.18
3.07*
1.34
3.24***
G x T x S 18 2.40 2.06**
* p< .01 
** p <.008
*** p <.004
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Table E
Duncan Multiple Range Test for Effect of Trial: 
Temperature, EMG, SCL, and HR over all sessions.
Temp
Duncan _
Trial Mean Grouping
0 32.48 a
1 32.21 a
2 31.77 b
3 31.29 c
EMG
Duncan
Trial Mean Groupinq
0 3.57 a
1 3.49 a
2 3.21 b
: 3 3.18 b
SCL
Duncan
Trial Mean Grouping
.0 3.43 b
1 3.93 a
2 3.97 a
3 3.99 a
HR
Trial Mean
Duncan
Grouoincr
0 71.09 a
1 70.74 a b
2 69.67 b c
3 69.32 c
Means with the same letter do not differ significantly (p <.05).
Table F
. Results of Duncan Multiple-Range Test 
Temperature over Group x Trial - over all sessions
Group Trial Mean Duncan Grouping
1 0 33.61 a
1 1 33.56 a
1 2 33.54 a
1 3 33.38 a
2 0 32.14 be
2 1 31.79 cde
2 2 31.20 def
2 3 30.85 fg
3 0 32.65 b
3 1 31.94 cd
3 2 31.06 ef
3 3 30.12 g
4 -• 0 31.15 cdef
4 1 31.54 cdef
4 2 31.30 def
4 3 30. 89 fg
Means with the same letter do not differ significantly 
~(p< .T5'5) .
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Table G
Results of Duncan Multiple-Range Test 
Temperature, over Session x Trial - over all sessions
Session Trial Mean Duncan grouping
1 0 32.16 bed
1 1 31.96 cd
1 2 31.73 de
1 3 31.25 e
2 0 32.45 ab
2 1 32.22 be
2 2 31.39 e
2 3 30.67 f
3 0 ‘ 32.84 a
3 1 32.43 abc
3 2 32.17 bed
3 3 31.97 cd
Means with the same letter do not differ significantly 
(p <.05) .
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Table H
Duncan Multiple Range Test - Temperature over Group x Trial 
x Sessions - over all sessions.
Group
1 
1 . 
1 
1
Trial
0
1
2
3
Session
1
1
1
1
Duncan Grouping
d e f  
d e f g h 
o d e  
d e f
d e f g h i 
d e f g h i 
f g h i j 
g h i j
3 0 1 b e d
3 1 1 d e f g
3 2 1 e f g h i j k l
3 3 1 o p
4 0 1 n o p
4 1 1 m n o
4 2 1 m n o
4 3 1 m n o
1 0 2 : b
1 1 2 b
1 2 2 b
1 3 2 b c
2 0 2 d e f g h i
' 2 1 2 e f g h i j k l
2 2 2 1 m n o
2 3 2 m n o p
3 0 2 e f a h i j
3 1 2 k 1 m n o
3 2 2 p
3 3 2 q
4 0 2 i j k 1 m
4 1 2 e f g h i j
4 2 2 j k I m n
4 3 2 o p
1 0 3 a b c
1 1 3 a b
1 2 3 a b
1 3 3 a b c
2 0 3 d e f g h i
2 1 3 f g h i j k 1
2 2 3 k 1 m n o
2 3 3 m n o
3 0 3 d e f g h
3 1 3 d e f g
3 2 3 e f g h i j
3 3 3 . e f g h i j k
4 0 3 c d
4 1 3 e f g h i j k l
4 2 3 e f g h i j k l
4 3 3 f g h i j k l m n
Means with the same letter do not differ signiicantly (p .05) .
Table I " 1 0 2
ANALYSIS OF VARIANCE FOR EMG - OVER ALL SESSIONS
SOURCE df ms
Group
(Group)
Trial 
Session 
G x T
T x Subj (Group) 
G x S
S x Subj (Group)
44
3
2
9
132
6
86
T x S
21.61
28.93
6.14
4.47
.78
.72
10.09
11.03
.66
.747
8.52**
.405
1.08
.91
.88
G x T x S 18 1 . 6 1 2 . 1 5 *
* p = .05
** p  ** .0001
Table J
Results of Duncan Multiple-Range Test 
EMG over Group x Trial x Session - over all sessions
Group Trial Session Mean Duncan Grouping
1 0 1 3.36 efghijklm
1 1 1 3.65 cdefghijk
1 2 1 3.86 bcdefg
1 3 1 3.79 cdefghi
2 0 1 3.17 ghijklm
2 1 1 2.55 no
2 2 X 2.33 no
2 3 X 2.10 o
3 0 X 3.47 defghijkl
3 1 X 3.81 cdefgh
3 2 X 3.45 defghijkl
3 3 X 3.64 cdefghijk
4 0 X 4.67 ab
4 1 X 4 .33 abc
4 2 X 3.67 cdefghi]k
4 3 I 2.92 ijklmno
1 0 2 4.13 abcde
1 1 2 3.78 cdefghi j
1 2 2 3.56 cdefghijkl
1 3 2 3.40 defghijklm
2 0 2 3.65 cdefghijk
2 1 2 2.57 mno
2 2 2 2.31 no
2 3 2 2.54 no
3 0 2 3.51 cde fghijkl
3 1 2 3 . 86 bcdefg
3 2 2 3.21 fghijklm
3 3 2 3.15 ghijklm
4 0 2 2.88 klmno
4 1 2 2.97 hi j k imno
4 2 2 2.69 mno
4 3 2 2.82 k Imno
1 0 3 3 .17 gkijklmn
1 1 3 3.10 ghijklmn
1 2 3 3.08 ghijklmn
1 3 3 3 .14 ghijklmn
2 0 3 2.91 jklmno
2 1 3 3.34 efghijklm
2 2 3 3.27 efghijklm
2 3 3 3.26 fghijklm
3 0 3 4 .77 a
3 1 3 4.25 abed
3 2 3 4.07 abedef
3 3 3 3.37 bede fg
4 0 3 3.24 fghijklmn
4 1 3 3.67 cdefghijk
4 2 3 3.09 ghijklmn
4 3 3 3 .13 ghijklmn
Table K 104
ANALYSIS OF VARIANCE FOR SKIN CONDUCTANCE IEVEL - OVER ALL SESSIONS
SOURCE df ms
Group
Subj (Group) 
Trial 
Session 
G x T
T x Subj (Gr) 
G x S
S x Subj (Gr) 
T x S
44
132
86
45.46 ' 
76.14 
10 .007 
16 .01 
.88 
1.52 
9.51 
9.07 
1.57
.597
6.58**
1.76
.579
1.05
2.35*
G x T x S 18 .88 1.31
* p < .03
** p < .01
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Table L
Results of Duncan Multiple-Range Test
SCL over Session x Trial - over all sessions
Session Trial mean Duncan grouping
1 0 3.39 f
1 1 3.7 4 de
1 2 3.78 cd
1 3 3.97 cd
2 0 3.23 f
2 1 3.54 ef
2 2 3.7 4 de
2 3 3.90 cd
3 0 3.66 def
3 1 4.47 a
3 2 4.3 8 ab
3 3 4.11 be
Means with the same letter do not differ significantly 
(p< .05) .
Table M 106
ANALYSIS FOR VARIANCE FOR. HEART RATE - OVER ALL SESSIONS
SOURCE df I
Group 3 198.42 .16
Subj (Group) 44 1211.23
Trial 3 91.67 5.29**
Session 2 29.27 .217
G x T 9 23.09 1.33
T x Subj (Group) 132 17.32
G x S 6 119.86 .889
S x Subj (Group) 86 134.83
T x S  6 20.89 1.95
G x T x S  18 16.74 1.76*
* p < .05
** p .01
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Table N
Results of Duncan.Multiple-Range Test:
Heart Rate over Group x Trial x Session - over all sessions
Group Trial Session Mean Duncan GrouDing
1 0 
1 1 
1 2 
1 3
1 69.77 
1 66.59. 
1 68.49 
1 67.52
cdefghijklm
nop
jklmnop
mnop
2 0 1 72.59 abcde
2 1 1 70.98 bcdefghijk
2 2 1 69.07 fghijklmnop
2 3 1 69.37 e fghi j xlmnop
3 0 1 71.40 bcdefghi
3 1 1 71.98 abcdefg
3 2 1 71.95 abcdefg
3 3 1 73.01 abc
4 0 1 71.15 bcdefghi] .
4 1 1 68.39 j klmnop
4 2 1 65.98 0
4 3 1 66.46 op
1 0 2 70.49 cdefghi}klm
1 1 2 69.73 defghijklmno
1 2 2 68.66 hijklmnoD
1 3 2 67.17 mnop
2 0 2 74.73 a
2 1 2 72.72 abed
2 2 2 70.93 bede fghi j k
2 3 2 71.44 bcdefghi}
3 0 2 68.81 ghi}klmnop
3 1 2 71.72 abcdefgh
3 2 2 71.85 abedefgh
3 3 2 69.24 efghi]klmnop
4 0 2 71.02 bcdefghi}
4 1 2 68.97 ghi ] klmnop
4 2 2 6 7.64 Imnop
4 3 2- 68.44 3 klmnop
1 0 3 72.66 abcde
1 1 3 72.41 abcde
1 2 3 70.63 bcdefghi}kl
1 3 3 70.75 bcdefghijkl
2 0 3 72.66 abcde fg
2 1 3 73.99 ab
2 2 3 72.23 abcde f
2 3 3 70.69 cde fghijkl
3 0 3 0 8.31 ghi}klmnop
3 1 3 69.55 defghi jklmno
3 2 3 63.06 3 klmnop
3 3 3 67 .7 klmnop
4 0 3 69.95 cdefghiiklm
4 1 3 71.05 bcdefghi}
4 2 3 70.17 cdefghi}klm
4 3 3 69.68 defghijklmno
Means with the same letter do not differ significantly 
(p < .05) .
Table 0 108
Multivariate Analysis of Variance for Sessions 1 and 2
Source Wilks' Lambda df F P
Group (G) 0.76008 12,108.77 .99 .46
Trial (T) 0.49957 12,393 6.77 .0001
Session (S) 0.94326 4,39 .59 .67
G x T 0.58981 ’ 36,485.16 2.04 .0005
G X S 0.77446 12,103.48 0.87 .57
T x S 0.8421 12,323.07 1.81 .04
G x T x S  0.77491 36,458.93 .90 .64
Table P
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ANALYSIS OF VARIANCE FOR HAND TEMPERATURE - SESSIONS 1 and 2
Source df ms
Group
Subj (Group) 
Trial 
Session 
G x T
T x Subj (Group) 
G x S
S x Subj (Group)
44
9
132
42
T x S
101.67
59.03
31.75
2.73
10.27
2.68
43.59
24.10
5.21
1.72
11.85*
.113
3.83*
1.81
5.33*
G x T x S .36 .37
* p < .01
** p < .001
*** p«£ .0001
Table Q 1 1 0
Duncan Multiple Range Test; Temp, EMG, SCL and HR:
(Sessions 1 and 2)
Temp
Trial    Mean Duncan Grouping
0 32.30 a
1 32.09 a
2 31.56 b
3 30.96 c
EMG
0 3.59 a
1 3.43 a
2 3.12 b
3 3.04 b
SCL
0 3.313 b
1 3.641 a
2 3.759 a
3 3.939 a
HR
0 71.26 a
1 70.21 a b
2 69.37 b
3 69.125 b
Means with the same letter do not differ significantly (p <.05).
Table R 111
Result of Duncan Multiple Ranae 'Test
Temperature over Trial x Session - Sessions 1 & 2
Trial Session Mean Duncan Grouping
0 1 32.16 a
1 1 31.96 a b
2 1 31.73 a b
3 1 31.26 b c
0 2 32.45 a
1 2 32.22 a
2 2 31.39 b c
3 2 30.67 c
Means with the same letter do not differ significantly (p< .05) .
Table S
■ Sessions 1 and 2
G T Mean Duncan Grouping
1 0 33.51 a
1 1 33.29 a
1 2 .33.34 a
1 3 ' 33.21 a
2 0 32.07 b c
2 1 31.86 b e d
2 2 31.28 c d e
2 3 30.91 d e
3 0 32.72 a b
3 1 31.75 b e d
3 2 30.6 e
3 3 29.23 f
4 0 30.92 d e
4 1 31.47 c d e
4 2 31.07 c d e
4 3 30.54 e
Means with the sane letter do no differ significantly (p<.05) .
Table T H 3
ANALYSIS OF VARIANCE FOR EMG - SESSIONS 1 and 2
Source df ms
Group
Subj (Group) 4 4
Trial
Session
G x T
T x Subj (Group) 132
G x S
S x Subj (Group) 42
19.3
24.3 
6 . 2 2  
5.62 
1.66
.82
9.07
10.31
.79
7.49***
.64
2 .
.88
T X S .332 .47
G x T x S 1.48 2 . 1 1 * *
* p .05
** p .03
*** p .001
Table U
Duncan Multiple Range Test - for EMG over Group x Trial
Sessions 1 and 2
G T Mean Duncan Groupinq
1 0 3.76 a b
1 1 3.74 a b
1 2 3.71 a b
1 3 3.59 a b
2 0 3.41 a b c
2 1 2.56 d e
2 2 2.32 e
2 3 2.33 e
3 0 3.48 a b c
3 1 3.83 a
3 2 3.33 a b c
3 3 3.39 a b c
4 0 3.73 a b
4 1 3.65 a b
4 2 3.16 b e d
4 3 2.33 e
Means with the sane letter do not differ significnatly (p < .05) .
Table V
Duncan M u ltip le  Range T e s t -  EH3 o v er Group x T r ia l  x S essio n
S essio n  1 and 2
Group T r ia l  S ess io n  Mean Duncan Grouping
1 0 3.36 c d e f  g h
1 1 3.65 b c d e f
1 2 3.86 b c d
1 3 3.79 b c d
2 0 3.16 d e f  g  h
2 1 2 .55 h i j
•2 2 2 .32 i j
2 3 2 .10 j
3 0 3.47 c d e £ g
3 1 3.81 b c d
3 2 3'.4'5 c d e £ g
3 3 3.63 b c d e f
4 0 1 4.67 a
4 1 1 4.33 a  b
4 2 1 3 .67 b c  d e f
4 3 1 2.92 f  g h i  j
1 0 2 4.13 a  b c
1 1 2 3.77 b c d e
1 2 2 3.56 b c d e f
1 3 2 3.40 c d e f g
2 0 2 3.65 b c d e f
2 1 2 2.56 h i  j
2 2 2 2.31 i  3
2 3 2 2.54 i  3
3 0 2 3.50 b c d e f
3 1 2 3.86 b c  d
3 2 2 3.20 d e f g h
3 3 2 3.15 d e f g h
4 0 2 2.88 f g h i 3
4 1 2 2.97 e f g h l
4 2 2 2.68 g h i 1
4 3 2 2.82 f g h i 3
Means w ith  th e  same l e t t e r  do n o t d i f f e r  s ig n i f i c a n t ly  (p < . 0 5 ) .
Table W 116
ANALYSIS OF VARIANCE FOR SCL - SESSIONS 1 and 2
Source df ms
Group 3 19.30 .794
Subj (Group) 44 24.32
Trial 3 6.22 7.49**
Session 1 5.62 .857
G x T  9 1.66 2.0*
T x Subj (Group) 132 .83
G x S 3 2.29 .349
S x Subj (Group) 42 6.56
T x S 3 .33 .8
G x T x S 9 .61 .83
* p .05
** p .001
Duncan Multiple Range Test:
Table X
SCL over Group x Trial -
G T Mean Duncan Grouping
1 0 3.60 c d
1 1 4.23 a b
1 2 4.27 a
1 3 4.39 a
2 0 3.24 d e f
2 1 3.29 d e f
2 2 3.63 b e  d
2 3 4.06 a b c
3 0 3.49 c d e
3 1 4.2 a b
3 2 4.34 a
3 3 4.47 a
4 0 2.89 e f
4 1 2.79 f
4 2 2.76 f
4 3 2.8 f
117
1 & 2
Means with the same letter do not differ significantly (p <.05).
Table Y -^g
ANALYSIS OF VARIANCE FOR HEART RATE - SESSIONS 1 and 2
Source df ms F
Group 3 271.96 .29
Subj (Group) 44 933.7
Trial 3 91.39 6.001**
Session 1 28.78 .30
G x T . 9 40.76 2.86*
T x Subj (Group) 132 15.23
G x S  3 63.91 .67
S x Subj (Group) 42 95.3
T x S  3 9.14 .61
G x T x S 9 11.9 .82
* p < .05
* p < .001
Table Z
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Duncan Multiple Range Test - Heart Rate over Group & Trial
Sessions 1 and 2
G T Mean Duncan Grouping
1 0 70.15 b e d
1 1 68.23 d e f
1 2 68.58 c d e f
1 3 67.34 f
2
2
2
2
0
1
2
3
73.66
71.85
70.00
70.4
a
a b
b e d
b e d
3
3
3
3
0
1
2
3
69.95
71.85
71.90
71.12
c d e
a b 
a b 
b c
4
4
4
4
0
1
2
3
71.08
68.68
66.85
67.47
b c
c d e f
f
f
Means with the same letter do not differ significantly (p<.05) .
1 2 0
Table AA
Analysis of Covariance of Temperature Change Scores and Initial Values
Sessions 1 and 2
Source df ms F P
Group (G) 3 45.42 .. .7.15 .0005
Subj (Group) 44 6.35
Trial (T) J 24.37 15.09 .0001
G x T 9 6.43 3.98 .0002
Subj (Group) 
Trial 132 1.61
Session (S) 1 2.53 1.05 .3
T x S 3 3.59 3.92 .01
G x S 3 7.98 3.30 .02
Subj (Group) 
x Session 43 2.41
G x T x S 9 .43 .46 .9
Table AB
T-Test Comparisons of Adjusted Means for Temperature In Sessions 1 and 2: Group Effects
Group X 
1 . 1 + 1.22
2. 2 .073
3. 3 .954
4. 4 .251
3
*
ns
*
.05
\
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Table AC
T-Test comparisons of Adjusted Means for Temperature In Sessions 1 and 2: Trial Effects
!
iii
Trial X 1 2 3 4
1. 0 +1.03 - * * *
2. 1 + .349 - * *
3. 2 - .347 - ns
4. 3 - .613 _
* p .05
/Table AD
t-Test Comparisons of Adiusled Means t or Temperature in Sessions 1 and 2: Group x Trial Effects
Group Trial X 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
\ . 1 0 + 1.64 IIS * * * A A A A A A A A A A A
2. 1 1 + 1.23 - ns ns it A A A ns * * A A A A A
3. 1 2 + 1.07 - 11 s A A A A IIS * A A A A A A
4. 1 3 + .94 - A A A A ns * A A A A A A
5. 2 0 - .15 - ns ns ns A A A A A A A A
6. 2 1 + .21 - ns ns A A A * ns ns A A
7. 2 2 - . 1 1 - ns A A A * ns ns A
8. 2 3 - .25 - A A A A A ns ns i *
9. 3 0 + .79 * A * ns ns A
i *
10. 3 1 - .91 - A A A A ns
i
j ns
1 1. 3 2 -1 .51 - A A A
1
nsi ns
i
12. 3 3 -2 . 19 A A A A
13. 9 0 + .26 - ns A A
14. 4 1 + .33 - A A
IS. 4 2 27
-
ns
16. 4 3 3 3 1
* p .05
1
2
3
Table AE
T-Test Comparisons of adjusted means for temperature in sessions 1 and 2: Group x Session
Group Session X 1 2 3 4 5 6 7 8
1. 1 1 + .668 - * * * * * * *
2. 1 2 +1 .774 - * * * * * *
3. 2 1 .118 - ns * * ns ns
4. 2 2 .028 - * * ns ns
5. 3 1 .843 - ns * *
6. 3 2 -1 .065 - * *
7. 4 1 .132 - ns
8. 4 2 .252
k P .05 124
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Table AF
Multivariate Analysis of Variance - Session 3
Source Wilks1 Lambda df F P
Group .7918 12,108.77 .84 .61
Trial .6748 12,338.95 4.53 .0001
G x T .7387 36,481.41 1.13 .28
1 2 6
Table AG
A n aly sis  o f  V ariance f o r  Tem perature -  EMG, SCL and HR in
S essio n  3.
Temp
Source ' £f ms F
Group 3 54.69 1.62
Subj(Group) 44 33.06
Trial 3 7.2 7.24 **
Group x Trial 9 2.98 3.21 *
T x Subj(Group) 131 .92
EMG
Group 3 13.2 .781
Subj(Group) 44 16.9
Trial 3 .59 .85
Group x Trial 9 .85 1.23
T x Subj(Group) 131 .92
SCL
Group 3 23.51 .655
Subj(Group) 44 35.86
Trial 3 6.41 6.97 **
Group x Trial 9 .75 .81
T x Subj(Group) 131 .92
HR
Group 3 13.04 .291
Subj(Group) 44 448.3
Trial 3 35.7 4.07 **
G x T 9 5.52 .63
T x Subj(Group) 131 8.76
* p<  .05
** p < . 0 1
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Table AH
Duncan Multiple Range Test over Trials:
Temperature, SCL and HR - Session
Temp
Trial Mean Duncan Grouping
a
b
b c 
c
0 32.83
1. 32.43
2 32.17
3 31.97
SCL
Trial Mean Duncan Grouping
0 3.65 b
1 4.47 a
2 4.38 a
3 4.10 a
Trials Mean Duncan Grouping
0 70.84 a b
1 71.75 a
2 70.27 b
3 69.71 b
Means with the same letter do not differ significantly (p< .05)
Table AI
Results of Duncan Multiple-Range test 
Temperature over Group x Trial - Session 3
Group Trial Mean Duncan Grouping
1 0 33.81 a
1 1 34.08 a
1 2 33.92 a
1 3 33.73 a
2 0 32.26 bed
2 1 31.65 cde
2 2 31.05 ef
2 3 30.31 f
3 0 32.51 bed
3 1 32.31 bed
3 2 31.97 bed
3 3 31.88 bede
4 0 32.76 b
4 1 31.67 cde
4 2 31.73 cde
4 3 31.56 def
Means with the same letter do not differ significant]
(P < .05) .
P e r c e
TR I A L S
1
TABLE AJ
t T r a n s f e r  S c o r e s  f o r  T e m p ,  i n  S e s s i c
GROUPS
1 2
+ 1 17. 0 +37
+ 1 1 7  - 3 7  +27
+ 1 0 7  - 5 7  +27
TABLE AK
( uM EGa) V*5.1 i j s s  "f o r  D i ■?"f 9 r s n c s s  S 9 t w 9 9 n P s r c  s n  t s.q9
GROUPS
TR I A L S  1 X 2  1 X 3
4
i 0 . 5 0 * 0 .3 0 0 . 20
0 .60 *»■ 0 . 3 0 0 . 50
•*) 0 . SO * 0 . 30 0 . 50
* P _i 0.05
*  p 1  0 . 0 1
Table AL
Analysis of Covariance of Temperature Change Scores _& Initial Values
Session 3
Source df MS F £
Group 3 10.16 2.51 .07
Subj(Group) 44 4.06
Trial 3 17.64 17.34 .0001
G x T 9 ' 3.75 3.67 .05
Subj(Group)x 
Trial 131 1.02
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